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IN THE 

United States G>iirt of Appeals 

FOE THE District of Columbia 


No. 8408 


ETHYL GASOLINE CORPOEATION, Appellant, 


V. 


CONWAY P. COE AND/OE HIS SUCCESSOR IN 
OFFICE, COMMISSIONER OF PATENTS, 

Appellee. 


Appeal from the District Court of the United States for the 

District of Columbia. j 


BRIEF FOR APPELLANT. 


JURISDICTIONAL STATEMENT. I 

I 

This is an appeal from a judgment of the District C^urt 
of the United States for the District of Columbia dismisising 
the appellant’s action brought under Rev. St at. Section 
4915, 35 U. S. C. Section 63, to authorize the Commissioner 
of Patents to issue a patent to the appellant. Jurisdicttion 
of this court is invoked under Title 17, Section 101, of the 
District of Columbia Code, 1940, Act of March 3, 192i, 31 
Stat. 1225, Act of March 3,1921, 41 Stat. 1312.* \ 


All italics herein supplied. 
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STATEMENT OF CASE. 

The application for patent in this case (App. 86-110) re¬ 
lates to an invention having’ to do with methods and means 
for improving the operation of internal-combustion engines, 
such as automobile engines involving the use of anti-knock 
agents. The application contains claims 1 to 4 inclusive, 
which are known as the method claims, and 5 to 12 inclusive, 
15 and 16, which are known as the product claims (App. 3-5), 

The Patent Office found the claims to be allowable over 
the prior art but rejected them on the sole ground (App. 
120-121, Findings Xos. 10-12, App. 10) that the applicant 
had failed to make a claim which the Examiner had sug¬ 
gested for purposes of interference (App. 117). This sug¬ 
gested claim will be dealt with in detail hereinafter. 

Suit was thereafter tiled in the District Court of the 
United Slates for the District of Columbia (App, 2-6) upon 
which, after trial, judgment was entered for the appellee 
(App. 11-12). It is from that judgment that this appeal is 
taken. The District Court found claims 1 to 4 inclusive to 
be unpatentablb ujjon the ground (apparently) that they did 
not disclose invention (App. 10, Findings Nos. 8 and 9). 
Claims 5 to 12 inclusive, 15 and 16 were held to be unpatent¬ 
able solely because of the applicant's refusal to make the 
claim suggested by the Examiner for interference purposes 
(App. 11, Finding No. 19). 

The claims here in issue involve an invention to prevent 
knocking in engines. Some of the evils of engine knocking 
are stated in the Midgley patent. No. 1,573,846, (App. 
used as a reference, as follows: 

“Kerosene, gasoline and the heavier hydrocarbons 
have the characteristic that, when a combustible gase¬ 
ous mixture containing one of these fuels and air is 
burned in an internal-combustion engine while sub¬ 
jected to a relatively high pressure, a fuel knock is pro¬ 
duced, the engine heats rapidly, the efficiency of the en¬ 
gine is reduced and, if the initial pressure is very high, 
engine parts may be injured. The highest pressure at 
which a mixture may be burned in a cylinder without 
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producing: a fuel knock varies with the different fuels 
and, to some extent, with the temperature, x)ojsition of 
spark plugs and other conditions within the jengine.” 

Knocking in an engine is not merely an annoying i^oise but 
reduces the efficiency of operation of the engine and jin many 
cases actually causes injury to the engine. i 

Long prior to 1935, lead tetra-ethyl, which was invented 
bv ^ridglev was extensivelv used as an anti-knock agent in 
automobile and airplane engines (Ap]-). 15). In ^935 the 
appellant received complaints that engines using fjnel con¬ 
taining lead tetra-ethyl were knocking (App. 17). A num¬ 
ber of such complaints were received (App. 17). B|\rtholo- 
mew, the applicant, one of the foremost men in his fiel^ of en- 
deaiwr (App. 13-14) and his associates made surveyj; to de¬ 
termine whether some of the ethyl gasolines on the market 
were, in fact, inferior but according to the standard labora¬ 
tory test method then in use, there was no significant differ¬ 
ence between them (App. 17). Finally automobiles and sam¬ 
ples ofthe gasoline were obtained from those who were com¬ 
plaining (App. 17). Bartholomew and his associates found 
that the fuels which were the offenders were in every i*espect 
up to the standard which they had set for the fuel by their 
then known standard test apparatus (App. 17). Xeyerthe- 
less, by road tests, they confirmed the dealers’ contjention 
that engines knocked when burning these fuels (Apji. 17). 
Their problem was a serious one and its solution i’as of 
great importance (App. 18). As we hereinafter shovj, Bar¬ 
tholomew conceived a method of solving the problem and 
did solve it by his invention, described and claimed iin his 
application, thereby changing engines that knock whenj using 
Midgley’s invention into engines that do not knock {when 
using Bartholomew’s invention. { 

This claimed invention (App. .3-5, Findings Xos. 2-6,j App. 
7-9) involves consideration of the following five ingredi¬ 
ents, all of which come under the generic name I‘lead 
alkvls”: 1 
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lead tetra-ethyl 
lead tri-ethyl-methyl 
lead di-ethyl di-methyl 
lead tri-methyl-ethyl 
lead tetra-methyl 

There are many other “lead alkyls” (App. 76). 

The claims df the application are specific and limited 
(App. 3-5, Finding No. 6, App. 8-9). They are, for conveni¬ 
ence, here described. Claim 1 of the application specifies: 

“ * • • a primary anti-knock agent comprising a 
mixture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, 
and lead tri-ethyl-methyl.” 

Likewise claims 2, 5, 6, 7 and 8. None of these claims men¬ 
tions either lead tetra-ethyl or lead tetra-methyl. Claims 2, 
7 and 8 additionally require that “lead di-methyl di-ethyl” 
is the predominating one of the three named. Claim 3 spec¬ 
ifies : 


“ • • • primary anti-knock agent comprising a 
mixture of lead tri-methyl-ethyl, lead di-methyl di¬ 
ethyl, and lead tri-ethyl-methyl; and lead tetra-ethyl 
the concentration of the lead being greatest in the lead 
tri-ethyl methyl and lead tetra-ethyl.” 

Likewise claims 11 and 16. The only claims that mention 
lead tetra-methyl are claims 4, 9, 10, 12 and 15. Claim 4 
specifies: 

“ • • # a primary anti-knock agent comprising a 
mixture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, 
and lead tri-ethyl-methyl; and lead tetra-methyl in a 
concentration not exceeding fifteen per cent.’* 

Likewise claims 9,10 and 15. Claim 12 specifies: 

“ • * • a primary anti-knock agent consisting of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead 
tri-ethyl-methyl; * * *.”, 
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being in that respect, like the other claims that sp(jcify 
those three as the primary ingredients, and claim 12 further 
states: 

“ * * • and lead tetra-mcthyl and lead tetra-(ithyl 
present in relatively small concentrations.” 


Claim 12 is the only one of the claims that mentions s|ll of 
the five lead alkyls lead tetra-methyl, lead tri-methyl-ethyl, 
lead di-methyl di-ethyl, lead tri-ethyl-methyl, and lead tetra¬ 
ethyl. Claim 12 specifies that the lead tetra-methyl shall be 
present only in relatively small concentration. 

At the time applicant’s claims were before the Patent Of¬ 
fice the following prior patents were presented (App. Ill, 
112) disclosing the use of lead alkjds in gasoline to minimize 
knocking: 

Sullivan et al., 1,938,547, Dec. 5, 1933, 

Voorhees, 1,974,167, Sept. 18, 1934 

Shappirio, 2,012,356, Aug. 27, 1935, 

Midgley, 1,573,846, Feb. 23, 192a 

The Patent Office held that the claims here in issue were' pat¬ 
entable over these prior patents (App. 120-121). The Dis¬ 
trict Court did not find (App. 7-11) that any of Bartholo¬ 
mew’s claims w^ere unpatentable over these prior patents, 
and, indeed, the appellee did not so contend, or request any 
such finding. 

The Examiner believed that other applicants than Bar¬ 
tholomew* w’ere claiming substantially the same subject mat¬ 
ter (App. 117) but he did not suggest the claims of any 
party to the other party or parties (App. 125), thereby indi¬ 
cating that the parties were not claiming the same invention. 
Instead, the Examiner, acting under Patent Office Rule 96 
formulated and suggested an “umbrella” claim to draw the 
various applicants into an interference proceeding (App. 
117, 125). This suggested claim reads as follow's: 

“Liquid fuel for internal combustion engines of the 
otto cycle multicylinder type comprising a mixture of 
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hydrocarbons of such varying volatility and forming 
such varving air-fuel ratios as to cause material varia- 
tion in knocking tendency of the several cylinders in op¬ 
eration and containing a small quantity of a mixture of 
volatile lead alkyls consisting of tetra-ethyl-lead, tri¬ 
ethyl methyl lead, di-ethyl di-methyl lead, ethyl tri¬ 
methyl lead,i and tetra-methyl lead, whereby variation 
in separate cylinder knocking tendency is eliminated 
and the anti-knock value of the fuel is raised.” 

This suggested claim does not cover Bartholomew’s inven- 
tion (App. 61, 64-73). He, therefore, refused to make it 
(App. 120). Because of that refusal, the Patent Office held 
that he thereby disclaimed his ovti invention (App. 120-121, 
128-132, Findings Nos. 10-12, App. 10). 

The primary question before this court is whether the 
applicant disclaimed his own invention by failing and refus¬ 
ing to make the suggested claim which, according to the un¬ 
contradicted evidence, covered an invention substantially 
different from his own (App. 61, 64-73). In so far as the 
method claims 1 to 4 inclusive are concerned, the question is 
whether those claims constitute a patentable invention. 

STATUTES INVOLVED. 

The pertinent parts of the statute giving jurisdiction 
are as follows (Rev. Stat. § 4915, 35 TJ. S. C. § 63): 

“ Whenever a patent on application is refused by 
the Board of Appeals • * the applicant, unless appeal 
has been taken to the United States Court of Customs 
and Patent Appeals, and such appeal is pending or has 
been decided, in which case no action may be brought 
under this section, may have remedy by bill in equity, 
if filed within six months after such refusal or decision; 
and the court having cognizance thereof, on notice to 
adverse parties and other due proceedings had, may 
adjudge that such applicant is entitled, according to 
law, to receive a patent for his invention, as specified 
in his claim or for any part thereof, as the facts in the 
case may appear. And such adjudication, if it be in 
favor of thei right of the applicant, shall authorize 
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the commissioner to issue such patent on the applicant 
filing in the Patent Office a copy of the adjudication and 
otherwise complying with the requirements of law.” 

The pertinent parts of the statute having to do with 
patentabilitv are as follows (Kev. Stat. § 4886, 35 U. S. C. 
§ 31) ; 

“Any person who has invented or discovered, any 
new and useful art, machine, manufacture, or composi¬ 
tion of matter, or any new and useful improvements 
thereof, * * * not known or used by others in this coun¬ 
try, before his invention or discovery thereof, and not 
patented or described in any printed publication in this 
or any foreign country, before his invention or discov¬ 
ery thereof or more than two years prior to his ap¬ 
plication, and not in public use or on sale in this coun¬ 
try for more than two years prior to his applicjiition, 
unless the same is proved to have been abandoned,jmay, 
upon pa^nnent of the fees required by law, and other 
due proceeding had, obtain a patent therefor.” | 

The statute having to do with the institution of inter¬ 
ferences at the time the claim was suggested, is as follows 
(Eev. Stat. § 4904, 35 U. S. C. § 52); 

“Whenever an application is made for a patent 
which, in the opinion of the commissioner, would in¬ 
terfere with any pending application, or with any un¬ 
expired patent, he shall give notice thereof to the ap¬ 
plicants, or applicant and patentee, as the case may 
be, and shall direct the primary examiner to pniceed 
to determine the question of priority of invention.! And 
the commissioner may issue a patent to the party who 
is adjudged the prior inventor, unless the adverse 
party appeals from the decision of the primary ex¬ 
aminer, within such time, not less than twenty [days, 
as the commissioner shall prescribe.” 

For the convenience of the Court we quote also per¬ 
tinent portions of the Patent Office Rules of Practice hav- 
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ing to do with the institution and declaration of interfer¬ 
ences.^ 

Patent Office Rule 9.3 provides: 

“93. An interference is a proceeding instituted for 
the purpose of determining the question of priority 
of invention between two or more parties claimhig sub¬ 
stantially the same pnfevfnhle invention and may be 
instituted as soon as it is detennined that common 
patentable subject matter is claimed in a plurality of 
applications or in an application and a patent.” 

Rule 04 provides: 

“94. Interferences will be declared between appli¬ 
cations by different parties for patent or for reissue 
when such applications contain rlain/f! for suhsfantiallg 
the sa7ne invention irhirh arc allowahlc in the applica¬ 
tion of each party * * 

Rule 9.5 provides: 

“95. Before the declaration of interference it must 
be determined that there is common patentable subject 
matter in the cases of the respective parties. The is- 
fine must he clearly defined and he pntentahle to the re¬ 
spective parties, subject to the determination of the 
question of priority.” 

Rule 96 provides; 

“96. 'Whenever the claims of two or more applica¬ 
tions differ in ])hraseology, but relate to substantially 
the same paten table subject matter, the examiner shall 
suggest to the parties such claims as are necessary to 
cover the coninion invention in suhsta^itiaUy the same 
language. The examiner shall send copies of the letter 
suggesting claims to the applicant and to the assignee, 
as well as to the attorney or agent of record in each 
case. The parties to whom the claims are suggested 
will be required to make those claims within a specified 

1 In "Mell V. Midglcy, 31 App. D. C. .'334, the Court, in passinj; upon Patent 
OiEce rules relating to interferences, said: ‘‘It is well settled that the rules 
of procedure in the Patent Office, when not in conflict with any provision 
of law, have the full force and effect of statutes.” 
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time in order that an interference may be decl|ared. 
Upon the failure of any applicant to make any claim 
suggested within the time specified, such failure c|>r re¬ 
fusal shall be taken without further action as 4 dis¬ 
claimer of the invention covered hy that claim dnless 
the time be extended upon a proper showing.’’ j 

STATEMENT OF POINTS. 

The points involved in this case are: 

1. Bartholomew, under the law and rules of the Patent 
Office, did not abandon his own invention by failing ar d re¬ 
fusing to make the suggested claim which covered an in¬ 
vention substantially different from his owm. 

2. There is no legal basis upon which the suggested tlaim 
may be used to reject Bartholomew’s claims. 

3. Claims 1 to 4 inclusive, describe a patentable method. 

4. All of applicant’s claims describe a patentable biven- 
tion. 

SUMMARY OF ARGUMENT. 

This action was brought under section 4915 of th(‘ Re¬ 
vised Statutes, 35 U. S. C., section 63, to authorize the Com¬ 
missioner of Patents to issue a patent to the app(^llant 
(App. 2-6, 7). The invention, which is the subject of this 
case, consists of a mixture of certain lead allads designed 
to improve the method of operating internal combustion 
engines by stopping the knocking in such engines under 
over-all operating conditions, i. e., throughout the entire 
range of operating conditions (App. 37, 49, 56-57, 6i, 70, 
and particularly 73). Bartholomew, the applicant i^ the 
Patent Office, when advised that such engines in aboi^t the 
year 1935 when using fuel containing the then used j anti¬ 
knock ingredient (lead tetra-ethyl) were knocking, set ibout 
to correct that condition, which was a serious one tb the 
automobile industry (App. 15-19). Many months of ifruit- 
less study, experimentation and tests by the then kjiown 
standard methods did not solve the problem (App. 1^-19). 


I 
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He then conceived the idea that such knocking was due to 
a character of distribution of fuel and anti-knocks to the 
engine cylinders which was theretofore unknown (App. 20- 
22). This was an original concept and idea (App. 22, 60). 
It was his own ( App. 20). He then devised new test appa¬ 
ratus and methods and began his experimentation with the 
so-called lead alk^ds and proved that his concept was cor¬ 
rect (App. 20-22, 29, 32-35). He then invented the mix¬ 
tures of the lead alk}-ls described and claimed in his appli¬ 
cation (App. 86-lOS) to solve this new problem. 

These claims would have been allowed by the Examiner 
of the Patent Office but for the fact that he believed that 
another applicant or other applicants claimed substantially 
the same invention (App. 120-121). He thereupon formu¬ 
lated and suggested (App. 125) a claim which we have 
heretofore quoted. The applicant upon reading the claim 
determined that it defined an invention wholly different 
from his o-wm and he could not, therefore, make such claim 
(App. 56, 61, 64-73, 120). He had no legal or moral right 
to lav claim to an invention different from his ovti. Solelv 
because of his failure to make that claim, the Patent Office 
Examiner rejected all of the applicant’s claims (App. 120- 
121, Findings Nos. 10-12, App. 10). The Board of Appeals 
of the Patent Office affirmed the action of the Examiner 
(App. 128-132). 

We submit that under rules 93, 94, 95 and 96 of the Pat¬ 
ent Office, the action of the Examiner was clearlv eri’oneous 
and the action of the Board of Appeals as well as the Dis¬ 
trict Court in affirming such action were likewise erroneous. 
We shall, in our; principal argument in this brief, establish 
that these actions were contrary to law and the rules of 
the Patent Office. 

The District Court found that Bartholomew’s invention 
was not patentable over the suggested claim (App. 11, 
Finding No. 19). The Court also found that the appli¬ 
cant’s claims 1 to 4 were directed to an unpatentable 
method of engine operation (App. 10, Findings 8, 9). Such 
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findings are contrary to all the evidence in the record,! and 
are also contrary to the former and present practice of the 
Patent Office in the granting of patents of this character. 

There is nothing in the record to indicate that the E:^ani- 
iner had any reason for rejecting Bartholomew’s claims 
other than the fact that he did not make the suggcpsted 
claim. This is, in reality, the principal question before this 
Court. If the suggested claim covered Bartholomew’^ in¬ 
vention he should have made it. If the suggested claiih did 
not cover Bartholomew’s invention he was under no ol:jliga- 
tion to make it, and, in fact, could not, under the lawj and 
rules of the Patent Office, make it. That being so, the Pat¬ 
ent Office, and the District Court were wrong in concluding 
that Bartholomew had abandoned and disclaimed his o^m 
invention bv intentionallv failing to make a claim to atn in- 

- * ^ I 

vention which he had never made, never described irji his 
application, and never claimed. 

The patentability of the subject matter of the inveijition 
over the prior patents was conceded by the Examiner vFhen, 
asserting that he was acting under Patent Office Rulji 96, 
he formulated and presented the suggested claim (|\pp. 
117). The District Court did not find any of the appli¬ 
cant’s claims to bo un])atentable over the prior patents. 

In our principal argument we will show to the court that 
Bartholomew’s invention is patentably different fron: the 
invention defined in the suggested claim, and that Bartho¬ 
lomew’s claims are patentable over the prior patents. 

A test for the real solution of this problem may be slated 
thusly—the Patent Office may issue a patent to some appli¬ 
cant on the suggested claim, and another patent to Bar¬ 
tholomew on his claims and they would not be interfering 
patents. {DooJey Improvements v. Central Hanover Bank 
£ T. Co., 28 F. Supp. 531, 533 and cases therein cited) 


ARGUMENT. 


I. By Failing and Refusing to Make the Suggested Claim 
the Applicant Did Not Disclaim His Own Invention. 

We submit that Bartholomew had the right, under the 
law, to act upon the belief that the suggested claim meant 
what it said and that none of its limitations may or could 
be ignored {Smithey v. Myers, 57 App. D. C. 249, 19 F. 2d 
799, 800), and that, under these circumstances, his failure 
to make the suggested claim could not be held as a dis¬ 
claimer of his own invention. If the suggested claim cov¬ 
ered Bartholomew’s invention he should have made the 
claim. If it did not cover his invention he was under no 
obligation; indeed, had no legal right to make it. Legally 
and morally he,should not lay claim to an invention other 
than his own. 

Here it becoipes necessary to analyze the suggested claim 
and compare it with the disclosure and claims of the ap¬ 
plicant so that the court may readily see that they disclose 
two substantially ditferent inventions. The suggested claim 
requires the use of all five of the different lead alkyls 
therein mentioned without any guide as to what the relative 
proportions shall be except that they shall be such that 
“variation in separate cylinder knocking tendency is elim¬ 
inated.” 

The words “variation in separate cylinder knocking ten¬ 
dency is eliminated”, contained in the suggested claim, 
make that claim define a substantially different invention 
(App. 56, 61, 64-73). They must be mutually exclusive. 
In attempting to satisfy the requirements and prescriptions 
of the suggested claim one would use a maximum percen¬ 
tage of lead tetra-methyl and a minimum (preferably none) 
of the other 4 lead alkyls (App. 65-66). On the other hand, 
the only claims (App. 3-5) of the applicant that even men¬ 
tion lead tetra-qiethyl specify '^lead ietra-7nethyl in a con¬ 
centration not exceeding 15 per cent” (claims 4, 9, 10 and 
15) and ^‘lead tetra-^nethyl and lead tetra-ethyl present in 
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relatively small concentrations.” (claim 12). In this con¬ 
nection the applicant specifically states (App. 101-102); 

“The primary or basic anti-knock ai^ent is the i:ux- 
ture of the three methvl-ethvl lead derivates—lead tri- 
metlivl ethvl, lead di-methvl di-ethvl and lead tri-ei;hvl 
methyl. This primary or basic ai^ent may be used alone 
or with other anti-knock compounds which modify the 
anti-knock etTcK'tiveness provided by different mix¬ 
tures of these three comj^ounds. "Where tetra-me^hyl 
lead is added I prefer that its concentration should 
not exceed 15 per cent based on lead present.” 

“Lead tetra-methyl and lead tetra-ethyl may be used 
in the mixture and when these compounds are used my 
preferred mixture consists, on a volume basis, of 4.0 
per cent lead tetra-methyl, 23 per cent lead tri-methyl 
ethyl, 40 per cent lead di-methyl di-ethyl, 27 per <jent 
lead tri-ethyl-methyl and 6 per cent tetra-ethyl.” | 

“If lead tetra-methyl is used in the mixture, I prefer 
to keep its concentration low and even in the coldest 
weather to have its concentration less than 15 \per 
cent.” \ 

! 

This entire record, without exception, discloses that j the 
appellant’s claims do not eliminate variation in sepaj'ate 
cylinder knocking tendency, as required by the suggei^ted 
claim and do not even reduce it, but, on the contrary, in¬ 
crease such variation (App. 64, 65-67). The finding of j the 
District Court (finding number 16) to the effect that| the 
variation in separate cylinder knocking tendency, isi re¬ 
duced is without any evidence whatever to support it and 
it is, in fact, directly contrary to all of the evidence in the 
record. 

That part of the suggested claim reading “the variation 
in separate cylinder knocking tendency is eliminated 1 ’ is 
a material part of the claim and cannot legally be ignored 
or altered. Thus considered the suggested claim does not 
cover Bartholomew’s invention and he should not be al¬ 
lowed to make it. 

As long ago as 1898 the Commissioner of Patents ^id 
and ruled, in Wolfe'nden v. Price, 1898 C. D. 87, 89-90: j 
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There is no principle of la\v better settled than 
whatever element is incorporated into a claim will be 
considered a material one, and the patentee in the 
courts is invariably judged by that rule.” 

The Commissioner then cited a number of authorities 
and proceeded to say: 

“I do not' think that the Patent Office, any more than 
the courts, is competent, in declaring an interference, 
to say that an element which an applicant or a patentee 
has placed in his claim is an immaterial one. A claim 
may be patentable in the opinion of the Examiner 
which does not contain certain limitatioT^s, and I think 
it is within the province of the Examiner when he be¬ 
lieves it is necessary for him to declare an interference 
to indicate to the parties a patentable claim as the issue 
of the interference which shall omit immaterial ele¬ 
ments, and thereby make it unnecessary for the Office 
to hold that the issue and the claims are different from 
what they read. 

“Too often the question of ‘priority’ is lost sight 
of and argument of counsel is directed to the question 
‘what does the issue mean?' This should be avoided. 

“In White vs. Dunbar (C. 1)., 1SS6, 494; 37 0. G., 
1002; 119 U. S., 47, 51) the Court in referring to the 
construction of the claims in ])atents said: 

“Some persons seem to sup])ose that a claim in a 
patent is like a nose of wax, which may be turned and 
twisted in any direction by merely referring to the 
specification, so as to make it include something more 
than or something dilYerent from what its words ex¬ 
press. The context may undoubtedly be resorted to, 
and often is resorted to, for the purpose of better un¬ 
derstanding the meaning of the claim, but not for the 
purpose of changing it and making it different from 
what it is. The claim is a statutory requirement, pre¬ 
scribed for the very purpose of making the patentee 
define precisely what his invention is, and it is unjust 
to the public as well as an evasion of the law to construe 
it in a manner different from the plain import of its 
terms. 

^*This statement applies equally to the issues in an 
interference proceeding.” 
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The same rule of law applies to fwictional limitations as 
well as to structural limitations as was held by thi^ court 
in Sniithey v. Myers, 57 App. D. C. 249,19 F. 2d 799 j where 

the Court said: j 

1 

“It is argued by appellant that these differeiKbes are 
unimportant and immaterial, but this claim was 
rightly overruled below. As was said by Mr. Justice 
Van Orsdel in Wilson vs. Ellis, 42 App. D. C. 552, 554: 
* There is a rule, which has been long established and 
many times confirmed, that all limitations aphearina 
in the counts of an interference will in intermrenct 
proceedings in the Patent Office be regarded ia ma¬ 
terial to the invention covered by such counts.] ThU 
rule is the only practicable one ivhich the Office can 
adopt.' See also Bijur vs. Rushmore, 46 App. D. C. 
395.” 

The same rule of law is applied in other courts, inejuding 
the Court of Customs and Patent Appeals. See Mclfilee v. 
Noonan, 86 F. 2nd 986; 24 C. C. P. A. 784. The C. C. P. A., 
after citing numerous authorities, adopted the follbwdng 
language from Anthony Co. v. Gennert, 108 Fed. 396: 

To ignore the express functional limitation cf the 
claim, viz. * whereby they are enabled to fold back into 
the case side by side,' would be to create a new claim; 
not interpret the one granted.' 

Read in the light of its plain, specific and unambi^ous 
language, as the law requires, the suggested claim dovers 
an invention wholly different from Bartholomew’s inven¬ 
tion. ! 

I 

II. There is No Legal Basis Upon Which the Sugg^ested 
Claim May Be Used to Reject Bartholomew’s Claiii|s. 

The Examiner had no legal authority to suggest the 
quoted claim to Bartholomew for purposes of interfejrence 
because: (a) Bartholomew was and is not claiming the 
same patentable invention, (b) the suggested claim diji not 
clearly define the issue, (c) was not patentable to th|e re- 


I 

1 
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spective parties, (d) did not cover the common invention, 
and (e) was not in substantially the same language as Bar¬ 
tholomew 's claims. 

The Examiner, in suggesting the claim, did not conform 
his actions to the law and the Patent Office rules and so 
could not subject Bartholomew to the penalties of Rule 96 
of the Patent Office. 

Rule 93 defines an interference as a i)roceeding instituted 
for the purpose of determining the question of priority of 
invention between two or more parties claiming substan¬ 
tially the same' patentable invention. Interferences be¬ 
tween applications may be declared only when such appli¬ 
cations contain claims for substantiallg the same invention 
which are allowable in the ap])lication of each party (Rule 
94). Before the declaration of interference, the issue (pro¬ 
posed count or counts) must be clearly defined and be pat¬ 
entable to the rcspectire parties (Rule 95). IMienever the 
claims of two or more applications differ in phraseology, 
l)ut relate to su])L'<tantially the same j)atentable subject mat¬ 
ter, the Phxaminer shall suggest to the parties such claims 
as are necessary to cover the common subject matter in sub¬ 
stantially the same language (Rule 96). 

The authority of the Examiner to institute an interfer¬ 
ence, or to apply the penalties of Rule 96, is derived solely 
from Rule 93, 94, 95 and 96. These rules have the force 
and effect of law. {Mell v. Midgley, 31 App. D. C. 534). 
They must be strictly com])lied with by the Examiner. One 
of the most important purposes of the rules is to prevent 
unnecessary and unwarranted interferences. They provide 
protection for an applicant against expensive, vexatious 
and time-consuming litigation which delays issue of his 
patents. The evils of failing to comply with these rules 
cannot be more patent than disclosed by the action taken 
bv the Examiner in this ease. He suggested a claim which 
under the rules he had no legal right to suggest, and be¬ 
cause the applicant did not make it, he then holds that 
the applicant has abandoned his own invention. If the 
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I 
I 

I 

i 

j 

i 

Examiner had conformed his action to the rules this situa¬ 
tion could not possibly have developed. i 

It is the settled law of this court that a disclaimejr or 
abandonment of one claim does not constitute a disclafimer 
or abandonment of a materially different claim. {Po\ivers 
Patent Co. v. Coe, 71 App. D. C., 369 (110 Fed. 2nd i)50). 
Applying this rule to the instant case, we find that even 
though Bartholomew, by failing to make the suggested 
claim, thereby disclaimed the invention covered by that 
claim, he cannot be held to have disclaimed or abandoned 
his own invention w’hich was substantially and materially 
different from that of the suggested claim. Clearly, finding 
of fact number 19 of the District Court is erroneous. 

m. Claims 1 to 4 Inclusive, Disclose a Patentable Method 
of Operating an Internal Combustion Engine. 

The use of the mixtures defined in the applicant’s claims 
1 to 4 (App. 3-4) change an engine which knocks intc one 
which does not knock. An engine which has a fuel knock 
heats rapidly, its efficiency of operation is reduced and if 
the initial pressure is very high, the engine parts may be 
injured (App. , Midgley Patent, page 1, lines 41-58). 
The applicant says that knocking is primarily an engine 
operating problem and the fuel is secondary (App. 15). 
The burning of the fuel is the most important step in the 
method of engine operation. 

The Patent Office did not reject these claims upofi the 
ground that they were unpatentable. (App. 120-121, 128- 
132). The pleadings in the District Court do not raise that 
question. (App. 6-7). The fact is that the Patent Office 
has issued patents which contain method claims recogniz¬ 
ing that the use of such claims improves engine opersition. 
To say that an engine which knocks operates in the same 
method as one "which does not knock is tantamount to say¬ 
ing that an insane man thinks or operates in the same 
method as a sane man. 

We submit that this record discloses beyond any (Joubt 
that the burning of applicant’s mixtures in internal j com- 
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bustion engines improves their method of operation. There 
is no evidence whatever in the record to sustain findings of 
facts Nos. 8 and 9 of the District Court. 

IV. All of Applicant’s Claims Define a Patentable Invention. 

The question here presented is whether Bartholomew’s 
claims define a i)atentable invention. We shall in this con¬ 
nection describe the applicant’s invention and show that it 
is patentable, not only over the prior patents, but also that 
it is patentably different from the invention defined in the 
suggested claim. 

(a) Bartholomew’s Invention 

The problem which confronted Bartholomew was that 
engines using the lead tetra-ethyl anti-knock which Midgley 
had invented, were found to knock, not-with-standing that 
the only laboratory test apparatus then known and used in¬ 
dicated that there should have been no knocking. (App. 
15-18). 

It was kno\\Ti that during unequal fuel distribution at 
low engine speeds the engine knocked. One cylinder was 
getting its normal share of gasoline and lead tetra-ethyl, an¬ 
other was getting less than its share and still another was 
getting more than its share. (App. 20-21, 23 et seq.). The 
prior concept had been that the knocking occurred in the 
cylinder getting more than its share of gasoline because 
the unvaporized part of the fuel which went to this cylin¬ 
der had poor anti-knock properties. (App. 22, 60). Bar¬ 
tholomew conceived the original idea that the low speed 
knocking occurred in the cylinder receiving a lean mixture 
of good anti-knock fuel constituents. (App. 22). The then 
known test methbds and apparatus were not capable of test¬ 
ing this concept. (App. 25). Bartholomew devised new 
apparatus and methods of test. (App. 20-22, 25-26, 29, 32- 
35). With this apparatus he could simultaneously test the 
leanness or richness of a mixture in any one cylinder of a 
multi-cylinder engine and the presence or absence of knock- 
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ing in that cylinder. (App. 29-30). With this apparatus 
he proved his concept to be tme. (App. 32). ! 

However, this knocking occurred only during low ^peed 
operation. (App. 38). Under conditions of good fuej dis¬ 
tribution knocking may occur among all the cylinder^ due 
to engine compression, temperature of the engine, position 
of spark plugs, etc. (App./^jT, Midgley patent). This is 
called high speed, or uniform fuel distribution, knocjking. 
The periods of engine operation when there is goodi fuel 
distribution are much longer than the periods of eijigine 
operation when there is poor fuel distribution. (Apj^. 42- 
43). Bartholomew undertook to solve the problem bk" in¬ 
hibiting engine knocking over both periods, (App. 57j 70) 
the period of poor fuel distribution constituting the nkinor 
part of the problem. I 

Bartholomew then conceived the idea that mixtures of 
the three lead alkvls, lead tri-methvl ethvl, lead di-mkhvl 
di-ethvl and lead tri-ethvl methvl could be made which w^ould 
reduce the knocking during low speed operation to a min¬ 
imum while maintaining good operating conditions at {high 
speed (App. 50-52, 56). His new test apparatus proved this 
concept true and from data derived from these tests Bar¬ 
tholomew constructed new* curves (App. 49-50) such as E 
and F, Fig. 4, (App. 110) which act as a guide in choc sing 
a mixture to meet specific conditions. The claims at bar 
define, and are limited to, these mixtures (App. 8-9, I’ind- 
ing No. 6). 

Discoverv of a source of trouble not before known and the 
discovery and application of a remedy are well recognized 
as invention. {Gasoline Products Co. Inc. v. Coe, 66 App. 
D. C. 333, 87 F. 2d 550, 556. 

It is obvious that other anti-knock compounds ma^ be 
used in small quantities without materially varying thle ef¬ 
fectiveness of the mixture of these three (App. 101-102). 
Lead tetra-methyl is such a bad actor that the specification 
warns the public concerning its use (App. 100). From a 
theoretical standpoint it is the lowest boiling of the lead 
alkyls and so should be the most useful in very cold wea|ther 
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(App. 66). Bartholomew warns the public not to use over 
fifteen per cent of lead tetra-methyl even in the coldest 
weather (App. 101-102). 

Bartholomew testified that in the last analysis he solved 
an economic problem. With a given lead content he can 
give the public a better result than they can get with any 
single lead alkvl. Therefore a dollar buvs more anti-knock 
value in the form of his mixture than in the form of any 
single lead alkjd (App. 62-63). 

Bartholomew’s claimed combination of elements is new. 
It was arrived at by departing from the thought processes, 
test apparatus and test methods then kno^\m, and it 'was 
therefore unobvious to those skilled in the art. It produces 
new results of benefit to the public. It is, therefore, patent- 
able. In this connection, see Loom Company v. Higgins, 105 

U. S. 580, 591-592; Williams Mannfacturing Co. v. United 
Shoe Machinery Corp., 316 U. S. 364; Electrons, Inc., et al. 

V. Coe, 69 App. D. C. ISl, 99 F. 2d 414; Levin v. Coe, Ct. 
Appeals D. C. Xo. 8106, decided Nov. 2, 1942 (unreported). 

(b) Bartholonieiv^s Invention Is Patentable Over The 

Prior Patents 

The question here presented is whether Bartholomew’s 
claims define a patentable invention over the prior patents. 
Neither the Patent Office nor the trial court rejected Bar¬ 
tholomew's clainis as unpatentable over the prior patents 
(App. 120-121, 128-132, 7-11). Those patents are a part of 
the record and we will treat them briefly. 

Midgley patent No. 1,573,846, {A.pp.^S'f) filed in 1922, 
describes the use of individual lead alkyls such as lead 
tetra-ethyl to inhibit knocking. The problem "which Bar¬ 
tholomew solved did not then exist (App. 17, 20-21). Midg¬ 
ley did not suggest the use of mixtures (App. 79). 

The other patentees Sullivan, Voorhees and Shappirio 
(App. 74-79) were not concerned -with the character or 
quality of the anti-knock compounds they produced for they 
were directing their efforts to methods of manufacture. 
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Indeed, Voorhees states (App. 75-76) that he is “not pre¬ 
pared to state the exact nature of tlie lead-hydrocarbon 
compounds in my j 2 rasoline.” After discussing the manu¬ 
facture of compounds of ten different metals, Shajjpirio 
states (App. 78) that his compounds arc “a comple^j mix¬ 
ture of organic derivatives of a stated metar’. 

Those three patents do not give any guide as to the 
relative value of different compounds, or mixtures of com¬ 
pounds, and no guide as to what to use in solving the pifesent 
or any other problem dealing with engine operation, j They 
are not suggestive of trying different mixtures to sohje dif¬ 
ferent problems. Those patentees had neither Bartholo¬ 
mew’s problem nor Bartholomew’s solution. The [prior 
patents are not, therefore, anticipatory of Bartholoijiiew’s 
invention as disclosed in his application and claims, j 

i 

(c) Bartholomeu'\s Invention Is Paientahly Different jFrow 
the Invention Defined in the Snyyested Claim 

In construing the suggested claim we must interpret it 
in the light of its plain language and in accordance with the 
rules of the Patent Office and the well established prin¬ 
ciples of law. We cannot add to nor subtract from the claim 
as WTitten. The language of the claim is ])lain ai^d un¬ 
ambiguous ; we must conclude that it means what it says. 

When engine speeds were increased and high power out¬ 
put at high speed became desirable this was accomplished 
in part by using a passage of large cross sectional a rea in 
the manifold so that large quantities of the fuel-aii mix¬ 
ture would enter the cylinders at high speed (App. 20). This 
change in manifold design carried with it a poor fu(?l dis¬ 
tribution problem at low speeds (App. 20). The sugijrested 
claim is directed solely at an attempted solution of this 
poor distribution problem occurring only at low speeds 
(App. 56-57, 61, 64-73). It has nothing to do with the 
larger problem of knocking during periods when good dis¬ 
tribution occurs (App. 56-57, 61, 64-73). 


Bartholomew described all phases of engine operation 
(App. 38-43) and shows that during the major period of 
engine operation the fuel distribution is uniform, and, 
therefore the problem occurring during periods of poor fuel 
distribution does not exist. During this major period of 
operation there is, nevertheless, a separate problem of high 
speed knocking which requires a different solution from 
low speed knocking (App. 56-57, 61, 64-73). During this 
major period the engine is “quite critical of small differ¬ 
ences in anti-knock value of the fuel fed to it.” (App. 41- 
43). This major phase of Bartholomew’s problem is ig¬ 
nored by the suggested claim and the solution of the two 
problems are necessarily different. Here we may mention 
that finding number 18 is directlv contrarv to the onlv evi- 
dence in this case on this question. Bartholomew in his 
application (App. 103) states that his solution to his prob¬ 
lem reduces knocking during the short periods of poor dis¬ 
tribution “to a minimum consistent with good engine per- 
fonnance over the entire range of engine operation.” Bar¬ 
tholomew’s problem and its solution could not be of prac¬ 
tical value to the public if it ignored the major period of 
engine operation (App. 57) which is also the critical period 
of engine operation (App. 41-43). The suggested claim ig¬ 
nores these major phases of engine operation. 

The Examiner states that Bartholomew’s application is a 
“scientific treatise” on the subject (App. 127). It had to 
be, because it springs from a new concept which required 
new test apparatus to prove the concept correct and which 
developed new data in the form of new curves such as E and 
F, Fig. 4 for the guidance of those skilled in the art in choos¬ 
ing mixtures (App. 44, 48, 73). The public would thus avoid 
the mistake of solving only the starting problem and there¬ 
by fail to solve the problem presented during the greater 
part of over-all engine operation, i.e. knocking during equal 
distribution, and, therefore, one who followed them would 
stop engine knocking only at low speeds. The suggested 
claim therefore, fails to solve the problem with which the 
auto driving public is confronted. 
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Given Bartholomew’s thorough explanation of the prob¬ 
lem, his solution and his curves as a guide, one skilled in the 
art can choose a mixture which will meet anv one of a wide 
variety of engine operating conditions (App. 82-83). The 
specification, upon which the claims are based, is a suflScient 
iruide in view of the manv conditions which mav be met in 
practice. The claims read in the light of this specification 
accurately define the applicant’s invention. In this con¬ 
nection see Motor ImprovementSi, Inc. et al. v. General 
Motors Corporation, et at., 49 F. 2d 543, 548; petitioh for 
writ of certiorari denied, 284 XJ. S. 663. j 

If finding number 17 means that, if one is given the benefit 
of the disclosure of Bartholomew’s invention, the correct 
mixture can be found with a little experimentation, then it 
is correct (App. 82-83). Othenvise it is wholly incorrect. 

Bartholomew found that if the real anti-knock value, the 
primary anti-knock component, is derived from a mi^:ture 
of lead tri-methvl ethvl, lead di-methvl di-ethvl and lead tri- 
ethyl methyl and the proportions of this mixture are chosen 
according to data given to meet the conditions at hand the 
problem of over-all engine operation for that set of con¬ 
ditions is readily solved (R. 50-51). It is obvious that ^mall 
quantities of other anti-knock compounds can be used [with 
this mixture. However, lead tetra-methyl has so manVi bad 
features that the reader is warned against using much iof it 
and the proportional quantity of it is limited to sfiiall 
amounts in the claims. 

By way of contrast this undesirable compound is given 
most effect in the suggested claim, i. e. must be used prac¬ 
tically to the exclusion of the other four compounds. 

This claim was fonnulated by the Examiner and so v^|e do 
not have with the claim a specification with specific e:^am- 
ples and a discussion of the problem to be solved. j 
The problem stated in the first part of the claim is that 
when the fuel described is used in a multi-cylinder engine 
there is a material variation in the knocking tendency o^ the 
several cylinders. | 

It is the only problem stated to be cured. | 
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If the engine is operating with the same tendency to knock 
in the several cylinders, i.e., no variation, then this claim 
is silent as to what to do if the engine then knocks. The 
claim does not encompass such a problem or its solution. 

As so limited in the problem stated, and the problem 
solved, this claim does not assist the man skilled in the art 
who has to deal with over-all engine operation. Those 
skilled in the art and dealing with engines and fuels have a 
major problem in over-all engine operation. 

If some other applicant or applicants have limited the 
scope of the problem to that stated in the claim they can 
make it. This y’as not Bartholomew’s problem and his in¬ 
vention does not solve this problem. Bartholomew solved 
a problem dealing with over-all engine operation of which a 
minor part was knocking during poor fuel distribution. 

The conclusion is inescapable that Bartholomew’s inven¬ 
tion is patentably different from the invention defined in 
the suggested claim. 


CONCLUSION. 

Nothing can be clearer than that Bartholomew’s claims 
are patentable over the prior j)atents and that they are 
patentably different from the claim suggested by the Patent 
OflScc Examiner. By failing to make the suggested claim 
Bartholomew did not abandon or disclaim his O'w'n inven¬ 
tion. It follows that the judgment of the District Court 
should be reversed. 

Respectfully submitted, 

H. Fr.4xk Wiegand, 

233 Broadway, New York. 

A. K. SuiPE, 

National Press Bldg., 
^Vashington, D. C. 

Edwin R. Hutchinson, 

1154 Munsey Building, 
Washington, D. C. 

Attorneys for Appellant, 
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1 Endorsed: Filed Jan. 30,1941. Charles E. Stewart, 

Clerk. 

In the District Court of the United States 
For the District of Columbia 

Civil Action 
No. 9986 

Ethyl Gasoline Corpoilvtion, Chrysler Building, 42nd & 
Lexington Ave., New York, New York, Plaintiff, 

V. 

Conway P. Coe and/or his Successor in Office, Commissioner 
OF Patents, Washington, D. C., Defendant. 

Complaint for Issuance of United States Letters Patent 

Plaintiff, Ethyl Gasoline Corporation, brings this, its bill 
of complaint against defendant, Conway P. Coe, and/or his 
successor in office. Commissioner of Patents, and alleges: 

I. That plaintiff. Ethyl Gasoline Corporation, is a corpo¬ 
ration organized and existing under the laws of the State 
of Delaware, and has a regular and established place of bus¬ 
iness at Chrysler Building, New York City, in the County of 
New York, and State of New York; and that defendant, Con¬ 
way P. Coe, is Commissioner of Patents of the United States 
and that his office is at Washington, D. C. within the juris¬ 
diction of this Court. 

II. The jurisdiction of this Court depends upon the Pat¬ 
ent Laws of the United States, this complaint being filed un¬ 
der Section 4915, Revised Statutes (Comp. Stats. 9460; 
U- S. C. Title 35, Section 63), as amended by Act of March 

2, 1927. 

2 III. The plaintiff. Ethyl Gasoline Corporation, is, 
by an assignment in writing executed September 1, 

1936, and recorded in the United States Patent Office on 
September 4,1936, in Liber Z-167, at Page 118 of the Trans¬ 
fers of Patents, the solo owner of the entire right, title, and 
interest in an application for United States Letters Patent 
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of Earl Bartliolomew, for Improvements in Method and 
Means for Improving Engine Operation, filed in the United 
States Patent Office on September 4,1936, Serial No. 99,497, 
and the improvements disclosed and claimed therein. 

IV. The Board of Appeals of the United States Pajfcent 

Office in a decision rendered on October 15, 1940 and |n a 
clarifying decision dated November 14, 1940, refused tc| al¬ 
low fourteen claims of said Earl Bartholomew application 
Serial No. 99,497. I 

V. The said fourteen claims in said Earl Bartholomew 

application Serial No. 99,497, which the Board of Appeals 
of the United States Patent Office refuses to allow, are as 
follows: j 

1. The method of operating an internal combustion engine 
which comprises forming a combustible mixture of a motor 
fuel and air, compressing the mixture to a compression pres¬ 
sure greater than the critical compression pressure of the 
motor fuel and burning the mixture together with a prinjiary 
antiknock agent comprising a mixture of lead tri-met|hyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl. 

2. The method of operating an internal combustion en^ne 
which comprises forming a combustible mixture of a motor 
fuel and air, compressing the mixture to a compression pres¬ 
sure greater than the critical compression pressure or the 
motor fuel and burning the mixture together with a primary 
antiknock agent comprising a mixture of lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl in 
which antiknock mixture the lead dimethyl diethyl predom¬ 
inates. 

3 3. The method of operating an internal combustion 

engine which comprises forming a combustible mix¬ 
ture of a motor fuel and air, compressing the mixture to a 
compression pressure greater than the critical compression 
pressure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixtuile of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead| tri¬ 
ethyl-methyl; and lead tetraethyl the concentration ofl the 


lead being greatest in the lead trietbyl methyl and lead 
tetra-ethyl. 

4. The method of operating an internal combustion engine 
which comprises forming a combustible mixture of a motor 
fuel and air, compressing the mixture to a compression pres¬ 
sure greater than the critical compression pressure of the 
motor fuel and burning the mixture together with a primary 
antiknock agent comprising a mixture of lead tri-methyl- 
ethyl, lead di-methyl, di-ethyl, and lead tri-ethyl-methyl; and 
lead tetramethyl in a concentration not exceeding fifteen 
percent. 

5. A product comprising a motor fuel and an antiknock 
material having as its primaiy antiknock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethvl-methvl. 

6. A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethvl, and lead tri-ethvl-methvl. 

7. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl, in which mixture the concentration of 
lead dimethyl diethyl predominates. 

8. A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl, in which the con¬ 
centration of lead dimethyl diethyl predominates. 

9. A product comprising a motor fuel and an anti-knock 
material having as its primary anti-knock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl, and lead tetramethyl in a concentra¬ 
tion not exceeding fifteen percent. 

4 10. A product comprising a motor fuel and a pri¬ 

mary antiknock agent consisting of lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl, and 
lead tetramethyl in a concentration not exceeding fiheen 
percent. 









11. A product comprising a motor fuel and an antiklnock 
agent comprising lead tri-methyl ethyl, lead dimethyl di¬ 
ethyl, lead triethyl methyl and lead tetraethyl and in w hich 
the greatest lead concentration is in the group consisting of 
lead triethyl methyl and lead tetraethyl. 

12. A product comprising a mixture of a motor fuel, a 

primary antiknock agent consisting of lead tri-methyl-ethyl, 
lead di-methyl di-ethyl, and lead tri-ethyl-methyl; and lead 
tetramethyl and lead tetraethyl present in relatively small 
concentrations. j 

15. A fuel anti-knock composition comprising a mixture 
of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead 
tri-ethyl-methyl and lead tetramethyl in a concentration not 
exceeding fifteen percent. 

16. A fuel anti-knock composition comprising a mixture 
of lead tri-methyl ethyl, lead dimethyl diethyl, lead trikhyl 
methyl and lead tetraethyl with the greatest lead concentra¬ 
tion in the lead triethyl methyl and lead tetraethyl. i 

VI. The defendant, Conway P. Coe, and/or his successor 
in ofiSce, Commissioner of Patents of the United Stated, bv 
the aforesaid decision of the Board of Appeals in the Ui^ted 
States Patent Office, has refused and still refuses to g(rant 
letters patent of the United States to the plaintiff, Ilthyl 
Gasoline Corporation, as assignee of said Earl Bartliolo- 
mew on his application Serial No. 99,497, including said 
fourteen claims recited in Paragraph V hereof. 

VII. The said decision of the Board of Appeals was ren¬ 
dered on or about October 15, 1940, and wdthin six months 

last past, and no appeal has been taken from said 
5 decision of the Board of Appeals to the United States 
Court of Customs and Patent Appeals, and no such 
appeal is pending or has been decided. 

Wherefore, the plaintiff. Ethyl Gasoline Corporation, 
prays that this Honorable Court determine that plaiptiff. 
Ethyl Gasoline Corporation, is entitled to the grant of let¬ 
ters patent, on said application Serial No. 99,497, embodying 
said claims 1 to 12, inclusive, 15 and 16, and that this Hon- 
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orable Court authorize and direct the Coniniissioner of Pat¬ 
ents to issue to jdaintilf, Ethyl Gasoline Corporation, letters 
patent of the United States, on said application Serial No. 
99,497, embodying said claims 1 to 12, inclusive, 15 and 16, 
upon the filing in the United States Patent Office of a certi¬ 
fied copy of such adjudication and upon compliance with the 
re<|uirements of the law for such cases made and provided. 

ETHYL GASOLINE CORPORATION, 
Bv EDWIN R. HUTCHINSON, 
Attorney for Plaintiff, 

Munsey Building, 

Washington, D. C. 

JOE W. MORRISON, 

30 Rockefeller Plaza, 

New York, N. Y. 

H. FRANK WTEGAND, 

233 Broadway, 

New York, N. Y. 

Of Counsel. 

6 to the Complaint. 

To the Honorable the Justices of the District Court of the 
L'nited States for the District of Columbia. 

I, IT, III, IV,IV, VI, VII. Defendant admits the allega¬ 
tions of paragraphs I to VII, inclusive, but denies that the 
plaintiff, Ethyl Gasoline Cori)oration, is entitled to the grant 
of letters patent on the application of Earl Bartholomew, 
Serial No. 99,497, embodying claims 1 to 12, inclusive, 15 and 
16 since it is deemed that the said claims are not patentably 
different from a claim that was suggested to plaintiff for 
interference purposes, under the penalty that failure to as¬ 
sert the same would be considered a disclaimer of the sub¬ 
ject matter thereof, which suggested claim plaintiff failed 
to assert and thereby disclaimed; and since it is further 
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deemed that the said claims are also unpatentable in view 
of the following prior patents: 

Sullivan et al., 1,938,547, Dec. 5, 1933, 

Voorhees, 1,974,167, Sept. IS, 1934, 

Shappirio, 2,012,356, Aug. 27, 1935, 

Midgley, 1,573,846, Feb. 23, 1926, 

7 all for the reasons given in the statement of the ex¬ 
aminer ill answer to the appeal and the decisions of 
the Board of Appeals, copies of which will be furnished at 
the trial. 

Profert of copies of the foregoing patents is hereby made. 

AV. W. COCHRAN, 

Solicitor, U. S. Patent Ofice, 
Attorncif for Defendant. 

February 8, 1941. 

I hereby certify that a copy of this Answer was mailed to 
the attorney for plaintilf on February 8, 1941. 

W. W. COCHRAN, 

Solicitor. 

143 Findings of Fact. 

1. This is an action under Section 4915 R. S. (U. S. C., 
title 35, sec. 63) in which plaintilf, the assignee of the pat¬ 
ent application of Earl Bartholomew, Serial No. 99,-197, 
seeks a judgment which would authorize defendant, the Com¬ 
missioner of Patents, to issue a patent including claims 1 
to 12, inclusive, 15 and 16 of said application. 

2. The application was filed in the Patent Office on Sep¬ 

tember 4,1936, and relates to method and means for improv¬ 
ing engine operation and involves the use in the fuel of mix¬ 
tures of some or all of the following lead alkyls, lead tetra- 
methyl, lead tri-methyl ethyl, lead di-methyl di-ethyl, load 
methyl tri-ethyl, and lead tetra-ethyl. I 
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3. Claims 1, 2, 3 and 4 of the application recite a method 
of operating an internal combustion engine. Claim 1 reads 

as follows: 

144 1. The method of operating an internal combustion 

engine which comprises forming a combustible mix¬ 
ture of a motor fuel and air, compressing the mixture to a 
compression pressure greater than the critical compression 
pressure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri- 
ethyl-methyl. 

4. Claims 5 to 12, inclusive, of the application, recite a 
product comprising a motor fuel containing the anti-knock 
lead alkj'l comijounds. Claims 5 and 12 read as follows: 

5. A product comprising a motor fuel and an antiknock 
material having as its primary anti-knock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl. 

12. A product comprising a mixture of a motor fuel, a pri¬ 
mary antiknock agent consisting of lead tri-methyl-ethyl, 
lead di-methyl di-ethyl, and lead tri-ethyl-methyl; and lead 
tetramethyl and lead tetraethyl present in relatively small 
concentrations. 

5. Claims 15 and 16 of the application recite an anti-knock 
composition comprising the lead alkyl compounds. Claim 
15 reads as follows: 

15. A fuel aiiti-knock composition comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl and lead tetra-methyl in a concentration not 
exceeding fifteen percent. 

6. Claim 1 of the application specifies: 

• a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl. ’ ’ 

Likewise claims 2, 5, 6, 7 and 8. None of these claims men¬ 
tions either lead tetra-ethyl or lead tetra-methyl. Claims 2, 






9 


7 and 8 additionally require that “lead di-niethyl di-ethyl” 
is the predominating one of the three named. Claim 3 s pec- 
ifies: 

“* * * a primary antiknock agent comprising a mixture of 
lead tri-methyl-ethyl, lead di-niethyl di-ethyl, and lead 
145 tri-ethyl-methyl; and lead tetra-ethyl the concentra¬ 
tion of the lead being greatest in the lead tri-ethyl 
methyl and lead tetra-ethyl.” 

Likewise claims 11 and 16. The only claims that men|;ion 
lead tetra-methyl are claims 4, 9, 10, 12 and 15. Claijn 4 
specifies: 

I 

“ * * • a primary antiknock agent comprising a mixture 
of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and iead 
tri-ethyl-methyl; and lead tetra-methyl in a concentration 
not exceeding fifteen percent. ’ ’ 

Likewise claims 9, 10 and 15. Claim 12 specifies: 

“ • • • a primary antiknock agent consisting of lead tri¬ 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-et^iyl- 
methyl; * * 

being in that respect like the other claims that specify those 
three as the primary ingredients, and claim 12 further 
states: 

<< • • # tetra-methyl and lead tetra-ethyl present 

in relatively small concentrations. 

Claim 12 is the only one of the claims that mentions al. of 
the five lead alkyls lead tetra-methyl, lead tri-methyl-etliyl, 
lead di-methyl di-ethyl, lead tri-ethyl-methyl, and lead tetra¬ 
ethyl. Claim 12 specifies that the lead tetra-methyl shall 
be present only in relatively small concentration. 

7. The following prior patents disclose the use of lead 
alkyls in gasoline to minimize knocking: 

Sullivan et al., 1,938,547, Dec. 5, 1933, 

Voorhees, 1,974,167, Sept. 18, 1934, 

Shappirio, 2,012,356, Aug. 27, 1935, 

Midgley, 1,573,846, Feb. 23, 1926. 
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8. Claims 1, 2, 3, and 4 recite a conventional method of 
operating an internal combustion engine, and recite also the 
use of a mixture of certain lead alkyls as an anti-knock 
agent. The presence of such an anti-knock agent in the fuel 
does not cause the engine to operate by a method which is 
ditferent from its method of operation when using previ¬ 
ously knowm anti-knock fuels. 

146 9. Claims 1, 2, 3 and 4 are unpatentable. 

10. The Patent Office Examiner found to be allow¬ 
able and suggested to the applicant Bartholomew for inter¬ 
ference with one or more other parties, a claim reading as 
follows: 

“Liquid fuel for internal combustion engines of the otto 
cycle multicylinder type comprising a mixture of hydrocar¬ 
bons of such varying volatility and forming such varying 
air-fuel ratios as to cause material variation in knocking 
tendoney of the several cylinders in operation and contain¬ 
ing a small quantity of a mixture of volatile lead alkyls con¬ 
sisting of tetraiethyl lead, tri-ethyl-methyl lead, di-ethyl di¬ 
methyl lead, ethyl tri-methyl lead, and tetra-methyl lead, 
whereby variation in separate cylinder knocking tendency is 
eliminated and the anti-knock value of the fuel is raised.” 

In suggesting this claim, the Patent Office Examiner notified 
the applicant Bartholomew that he was acting under Patent 
Office Rule 96 which provides that failure or refusal to make 
a suggested claim within the time specified shall be taken 
“as a disclaimer of the invention covered by that claim”. 

11. The apjjlicant Bartholomew intentionally failed to 
make the suggested claim and did not seek any extension of 
the time prescribed by the Examiner and his application has 
not been placed in any interference. 

12. The Patent Office Examiner thereafter finally rejected 
the applicant’s claims solely because the applicant had failed 
to make the suggested claim. 

13. By failing to make the claim suggested by the Exam¬ 
iner, Bartholomew disclaimed the fuel defined by the sug¬ 
gested claim. 
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14. The fuel recited in the claim suggested by the Eiam- 


iner to Batholoniew contains all of the lead alkyls that 
recited in the claims at bar. 

147 15. All of plaintitf’s claims, except claim 12, 

broader in their statement of the ingredients of 


are 


are 
the 

anti-knock material than the suggested claim. In this re¬ 
spect claim 12 is of the same scope as the suggested claim. 

16. The use of the anti-knock material specified in plain¬ 
tiff’s claims does not eliminate entirely variation in separate 
cylinder knocking tendency but does reduce said tendency. 

17. The selection of the particular lead alkyls and the pro¬ 
portions thereof to be used in the fuel depend on climatic 
conditions, the particular type of engine being used, and 
other factors. The selection is made as a result of experi¬ 
mentation. 

18. There is nothing critical in the proportions of th(; in¬ 
gredients, more or less Indefinitely recited in the claims at 
bar. 

19. The claims at bar are not patentable over the fuel de¬ 
fined by the claim suggested by the Examiner to Batholo- 
mew. 

Conclusions of Law. 

1. Plaintiff is not entitled to receive a patent containing 
any of claims 1 to 12, inclusive, 15 and 16 of the Bartholo¬ 
mew application at bar. 

2. The complaint should be dismissed as to all of said 
claims. 

MATTHEW F. McGUIRE, 

Justice. 


148 


Judgment. 


This cause having come on to be heard and having peen 
tried in open court and argued by counsel for the respe([tive 
parties upon the pleadings and proofs adduced and [sub¬ 
mitted to the Court, ! 
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It is Adjudged this 27th day of October, 1942, that the 
complaint in this case be, and the same hereby is dismissed 
with costs against the plaintiff. 

MATTHEW F. McGXJIRE, 

Justice. 

Approved as to Form: 


Attorney for Plaintiff. 


n. 

TESTIMONY DESIGNATED BY APPELLANT. 

44 Evidence on Behalf of the Plaintiff 

Thereupon Earl Bartholomew was called as a witness for 
the plaintiff and, being first duly sworn, was examined and 
testified as follows: 

Direct Examination 

By Mr. Wiegand: 

Q. Please state your name, age, residence, and occupa¬ 
tion. A. Name, Earl Bartholomew; age, 41; resi- 
44 dence, 2224 Yarmouth Road, Birmingham, Michi¬ 
gan; occupation, Director of Engineering Labora¬ 
tories, Ethyl Corporation. 

Q. That is the Ethyl Gasoline Corporation, which is the 
plaintiff here? A. Yes. 

Q. Would you please take a look at a certified copy of 
your application. Plaintiff’s Exhibit If I show you the 
oath that was originally filed to that application. I believe 
that is page 25. i Is that your signature on there (handing 
a document to the witness) f A. It is. 

Q. You executed the application and it was your appli¬ 
cation? A. Yes. 
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Q. Please state ■w’bat technical education you hav€[ had 
and what some of your experience has been. A. I received 
a B. A. degree, Bachelor of Science in Mechanical Engineer¬ 
ing, Master of Science in Mechanical Engineering from the 
University of Oklahoma. I was employed for two years as 
instructor in mathematics and mechanical engmeeriijg at 
the University of Oklahoma; as an instructor in mec)iani- 
cal engineering for three years at Harvard University; 
after which I started to work for the Ethyl Gasoline Cor¬ 
poration and have been there ever since. 

Q. What did you do while you were at Harvard? i Did 
you mention that? A. Well, at Harvard I was an instruc¬ 
tor in mechanical engineering, and, in addition, did cejrtain 
research work, among the projects being investiga- 
46 tion of surface catalysis in combustion chambers of 
engines, investigation of orifices with respect to the 
effect of orifice geometrv on the flow of oil. ! 

Q. When you first went with the plaintiff company 4id it 
have an engineering laboratorv? A. Xo. I organized the 
engineering laboratory. 

Q. What kind of laboratory did it have when you first 


went there ? A. Chemical only. j 

Q. About how many engineers did the plaintiff have in 
its employ as of about the early jDart of 1941 or thereab(l)uts, 
or as recently as you can remember? A. Well, approxi¬ 
mately fifty. I 

Q. When did you leave Harvard to go with the plaijntiff 
company? The year will be enough. A. 1926. 

Q. Now, during your experience with the company after 
you organized the engineering department when you Trent 
there, did your company and you yourself particularly Ijiave 
anything to do with any engine development work; and if 
so, will you just briefly tell us about what that was in the 
early days and up to the time you were making this inven¬ 
tion? A. Well, our research is devoted almost entirelv to 
engine and fuel development. We have participated in the 
development of the high compression engine; also in the 



development of the supercharged engine. We have stood 
in a peculiar relationship to the automobile industry. 
Hence, much of the development work which we have done 
has been in cooperation with the different automobile engi¬ 
neering departments. We have developed engines 
47 to be used for the rating of the anti-knock value of 
gasoline. 

Q. Do you happen to be a member of any engineering or 
technical societies; and if so, will you please state what 
they are? A. l am a member of the Society of Automotive 
Engineers and the American Society of Mechanicnl Engi¬ 
neers. 

Q. Have you ever written any papers on engines, fuels, 
and anti-knock agents or the like? A. Yes, a number of 
such papers. 

Q. Will you please briefly describe the operation of an 
Otto cycle multicylinder internal combustion engine? A. 
The Otto cycle engine is known as a four-cycle engine, be¬ 
cause the operations in connection with the burning of the 
fuel and development of power are carried out in four op¬ 
erations. Assuming that my hand represents the piston 
(indicating)— 

Q. That is to say, your fist ? A. Yes, my fist. The first 
of the operations is the suction stroke. The piston moves 
downward into the cylinder, during which time the charge 
of air and fuel is drawn into the cylinder from the mani¬ 
fold or from the carburetor, if it happens to be a cylinder 
that has the carburetor attached directly thereto. On the 
next upward stroke of the piston the charge is compressed. 
At or near top dead center, the spark occurs, the charge is 
burned, driving the piston downward, the pressure exerted 
on the piston being transformed into power and being trans¬ 
mitted to the crankshaft, constituting the power stroke of 
the engine. On the final upward stroke of the piston the ex¬ 
haust products are expelled from the cylinder. 
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48 


By the Court: 


Q. By the “charge” I take it you mean the mixtuire of 
fuel and air that is sucked in? A. Yes, your Honor. | 

By Mr. Wiegand: 

Q. What causes knocking when no anti-knock is em¬ 
ployed? A. Well, that is something that has not yet been 
satisfactorily explained. We know’ many of the factors as¬ 
sociated w’ith knock, but as yet there is no proof or no ex¬ 
planation of the exact cause of knock w’hich is not subject 
to a lot of weaknesses. 

Q. Is knocking an engine problem or is it a fuel problem? 
A. Well, primarily it is a problem of engine operation, al¬ 
though the fuel problem does enter secondarily. 

Q. Would the same fuel produce knocking in all engines? 
A. No. 

Q. Would the same fuel produce knocking at all times 
and under all conditions in a single engine? A. No. 

Q. To w’hat extent has lead tetraethyl been utilized com¬ 
mercially? A. MTien I made my connection W’ith Ethyl Gas¬ 
oline Corporation it was used only to a small degree. Now, 
however, it is used in approximately 85 per cent of the 
motor gasoline sold in this country and in practically a 
hundred per cent of the aviation gasoline. 

Q. Had it come into rather extensive commercial ui^e be¬ 
fore you made the invention that we are here dis- 
49 cussing? A. Yes, it was in quite extensive use ai that 
time. 

By the Court; 

Q. By “ethyl” do you mean gasoline that contains an 
ingredient of lead—in other words, that lead is one o|f the 
ingredients? A. Yes. There is marketed a premium prod¬ 
uct known as ethyl gasoline, but, in addition, almost al| reg¬ 
ular grades of gasoline contain the anti-knock ageijt, of 
which lead is the active ingredient. 



Q. Is that anti-knock lead denoted by the name “ethyl”? 
A. Xo, it is not kno^\^^ as ethyl gasoline, but simply as gas¬ 
oline containing lead. The premium product is known as 
ethyl, which is a higher quality product. 

Q. I was curious as a la>mian to have determined what 
the meaning is qf the terms “tetramethyl, trimethyl, and 
dimethyl.” I assume that “tetra” means four, “tri” 
means three, and “di” means two. I can go hack to iny own 
experience with Greek and Latin to understand that. But 
I would like to have the terminologv of “ethvl” and 
“methyl” explained, so I can understand. A. Yes, your 
Honor. The lead alkyls consist of the element of lead plus 
alcohol radicals. "When I speak of lead tetramethyl, that 
means that in tiil^ molecule there is lead plus four radicals 
from methyl alcohol or wood alcohol, as it is sometimes 
kno^\m. 

Mr. Cochran. i With the permission of counsel for the 
plaintiff, I am permitted to ask the witness a question. May 
I at this time ? I think it will hel]! the very point your Honor 
made. 

Mr. Wiegand. Mr. Cochran has an explanation, 
50 chemically, and if the witness says it is correct, we 
agree to it. 

(Mr. Cochran handed the witness a diagram.) 

The Witness. Mr. Cochran has indicated the structure 
of them (handing a document to the Court). 

Mr. Wiegand. Has your Honor finished your inquiry? 

The Court. Yes. 

By Mr. Wiegand: 

Q. MTiat are the factors, if any, that limit the amount of 
lead used in anti-knocks? A. Well, one factor is the eco¬ 
nomic one. 

Q. That is, cost? A. Cost. It is desirable to use as 
small a quantity as possible to achieve a given result. 

The other limitjation is imposed by an agreement with the 
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Surgeon General made many years ago to limit the amount 
of lead used in gasoline for civilian purposes to a maximum 
of three c.c. of lead tetraethyl per gallon. 

Q. What is a c.c., just for the record? A. c.c. is a cubic 
centimeter. 

Q. Do you recall about how many cubic centimeters there 
are in a gallon, roughly? A. Approximately 3,785. 

Q. Now, when comparatively high compression eiigines 
came to the fore did you receive any complaints of knock¬ 
ing by engines using fuel containing lead tetraethyl? A. 
Yes, we did. 

Q. About when was that ? What year ? A. About 1935. 

Q. What did you do when those complaints came 
51 in from the field? A. We had complaints from a 
number of car dealers to the effect that certain ethyl 
gasolines sold in their territory were satisfactory for op¬ 
eration of their cars and that others were not. We made 
surveys to determine whether some of the ethyl gasblines 
were in fact inferior, but according to the standarci test 
method then in use, there was no significant diffeifence. 
They were all equal, at least to our standard. Hovfever, 
the dealers were insistent that there were differences. 

Finally cars were sent to our laboratory. We investi¬ 
gated not only the cars but the fuels about which the com¬ 
plaints had been registered. We found again that the fuels 
which were the offenders were in every respect up to the 
standard which we had set for the fuel. Nevertheless we 
confinned by road tests the dealers’ contention that jthose 
fuels in the automobile were substantially inferior to | 3 ther 
ethyl gasolines, rating no higher on the accepted testing 
equipment than the offenders. 

Q. Could you interrupt just at that point before v^e go 
on and perhaps you could explain, with the aid of this (iraw- 
ing and tell what it is, and whether that shows the standard 
test apparatus (handing a document to the witness) ? 

I understand that what you have in your hand is a par¬ 
tial drawing of the standard test apparatus that you had 



when these complaints came in; is that correct? A. That is 
right. This is a drawing of the fuel induction system of the 
standard single cylinder engine of the American Society 
for Testing Materials used to rate the knocking tendency 
of the gasolines. 

On the drawing we see a note, “Cylinder head of C.F.R. 
engine.'’ “C.F.K. means Cooperative Fuel Research 
52 Committee engine. The Cooperative Fuel Research 
Committee, composed of representatives of the oil 
and automobile industries, developed this particular appa¬ 
ratus. 

Attached to the cylinder is a manifold containing a 1000- 
watt heater, and attached to the manifold at the opposite 
end is the carburetor barrel of the carburetor used to supply 
fuel to the engine. 

In this particular set-up the fuel from the carburetor 
enters the manifold and flows by gravity downward, if it 
is not vaporized^ and enters the cylinder. So that all fuel, 
whether it be vaporized or remain as liquid fuel, enters the 
cylinder and is burned along with the air for the particular 
charge. 

Q. It was such standard apparatus with which you had 
been making many routine tests from time to time? That 
is, this was the routine way of doing it, was it not ? A. This 
was the standard and approved method. 

Mr. Wiegand.i May I offer the drawing in evidence as 
Plaintiff’s Exhibit 2? Is there any objection? 

Mr. Cochran. No objection. 

(Drawing referred to was received in evidence and 
marked Plaintiff’s Exhibit 2.) 

By Mr. Wiegand: 

Q. Now, when these complaints came in what did you do? 
Was it a serious problem or was it just an ordinary run-of- 
mine problem ? A. It was quite a serious problem. 

Q. Did you discuss the problem with any of your asso¬ 
ciates, and would you mind naming a few of them, if 
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53 you remember who they were? A. Yes, I did dis4uss 
that problem with my associates, among whom 'w ere 

^ir. Thomas Midgley, Jr,, Mr. Hawley, Assistant Dire<|;tor 
of the Engineering Laboratories, and Dr. Calingaert, who 
is Director of our Chemical Research Laboratory. 

Q, Do you happen to know whether the Mr. Midgley ^’ou 
have named was the inventor of ethyl gasoline? A. He \yas- 

Q. That is, he got the patent on that some time ago ? | A. 
Yes. j 

Q. Were these discussions that you had just one or two 
or did you frequently discuss the problem in this comihit- 
tee? A. Yes, we did discuss it quite frequently. We 'wtere 
quite concerned about the situation which was developing. 

Q. As a result of those discussions, and I think you said 
you made a number of tests with your then standard iest 
apparatus, what was the result of that? Did you get any¬ 
where or did you not? A. Well, the fuels, as I stated, w^re 
tested first under the conditions standardized by the Anjer- 
ican Society for Testing Materials, but that showed no dif¬ 
ferentiation between fuels—which fact showed a big differ¬ 
ence in the automobiles. Some of my associates thought 
that we must be using the incorrect speed or incorrect sp^rk 
advanc-e or improper temperature, because, as we all kn^w, 
those are factors which do influence the knocking of engiijes. 

Therefore, it was suggested that we make a very exten¬ 
sive study of variations in these factors of engine operation 
to see whether it might be possible to find some cc|m- 

54 bination of those factors which would cause the sine:le 
cylinder engine to rate the fuels in accordance with 

their performance on the road. 

A very large program along that line was carried out 
without any result which threw any light on the problem 
which confronted us. 

Q. Well, stated briefly, it got you nowhere? A. Yes. 

Q. Then what haj^pened as far as you were concerned? 
Did you give up or what happened? A. Well, I was cer¬ 
tain that the single cylinder engine would give the safne 
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ratings as the car on the road if we had the same conditions 
existing within the engine whicli existed in the engines 
during operation on the road. 1 was conscious of the fact 
that in order to develop as much power as possible at high 
speed, engineers were enlarging the cross sectional areas 
of manifolds and enlarging the cross sectional areas of car¬ 
buretors, making the diameters of intake valves larger in 
the engine—all to permit better breathing at high speeds. 

I might mention that along with those changes there had 
come a change from an updraft carburetor to a downdraft 
carburetor, simply because the velocities with the enlarged 
fuel induction system were not sufficient any longer to 
pull the fuel upward to the manifold. So the updraft car¬ 
buretor had been replaced by a downdraft carburetor, from 
which the fuel could flow to the engine cylinders by gravity. 

I believed that that change in engine design could have 
only one effect, namely, imperfect distribution of the fuel 
to the different cylinders of the engine. It was my concep¬ 
tion that the air would be distributed uniformly to 
55 the different cylinders, being quite light and homo¬ 
genous, and that for the same reason that portion of 
the fuel which was vaporized would be distributed uni¬ 
formly to the different cylinders. However, that portion 
of the fuel not vaporized undoubtedly would be subject 
to many influences which would prevent its equal distribu¬ 
tion to the different cylinders. 

The proximity of the cylinders to the carburetor, the ge¬ 
ometry of the manifold, the length of the manifold, the nat¬ 
ural frequency of the manifold as an organ pipe, and many 
other factors undoubtedly would influence the amount of 
the unvaporized heav>^ ends entering the different cylinders. 

I believed that the lean cylinder, receiving substantially 
only the vaporized light ends, was causing the difficulty, be¬ 
cause, notwithstanding the fact that the fuel in the lean 
cylinder—consisting of the lighter fraction of the gasoline, 
having the highest intrinsic anti-knock value, as contrasted 
with the rich cylinder, containing a normal charge of fuel, 
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and in addition the heavy ends of lower anti-knock 'jralue 
which under conditions of perfect distribution would have 
gone into the lean cylinder—contained the fuel having the 
highest intrinsic anti-knock value, the ratio of air to fi.el in 
that cylinder should be such as to make the knocking ten¬ 
dency quite pronounced, because the tendency for Mock¬ 
ing to occur in the cylinder depends to a very large eitent 
on the ratio of air to fuel in the cylinder at the time kom- 
bustion is initiated. A rich mixture tends to supj|)ress 
knock, whereas a lean mixture tends to promote it. 

So it was my belief that in the cars in which we were hav¬ 
ing difficulty we were burning in the lean cylinder not 
56 the fuel having the composition of the fuel leaving 
the carburetor and not the air-fuel ratio of the mix¬ 
ture leaving the carburetor, but a fuel having different com¬ 
position and a different ratio of air to fuel from that of the 
mixture leaving the carburetor. 

Q. Now, as I understand what you have just said, and 
summing it up, I get two factors as to the thoughts that you 
had. I will speak of the first one as it occurred to me in 
your statement. It was your thought or conception that 
the different cylinders were getting different kinds of gaso¬ 
line; is that correct? A. Yes. 

Q. Was that a common thought at that time or otherwise? 
Was there any thought otherwise? A. I do not think tliere 
was too much thought about it, although some people that 
I knew believed that there was a difference in the air-lfuel 
ratio to the different cylinders. 

Q. That would be quantity, not kinds; is that coriiect? 
A. Quantity, yes. 

By the Court: 

Q. It would be something other than mere gasoline, which 
is a combination of the air and the fuel mixed? A. Yesi. 

By Mr. Wiegand: 

i 

Q. The other factor was this. You spoke, if I remember 
correctly, of some cylinders getting more of the liquid p^rts 



of the gasoline than their share? Did you mention that? 
A. Yes. 

Q. Just to get it in the record, the volatized part, 

57 the vapor portion of the gasoline is known in the 
trade as the lighter ends of the gasoline? A. Yes. 

Q. And the unvaporized portion is called hea\^ ends? 
A. Yes. 

Q. What was known in the art about the relative values 
of the inherent anti-knock values of lighter ends as against 
heavy ends? A. Well, it was generally known and accepted 
that the lighter ends in the fuel have the superior anti¬ 
knock value relative to the heavy ends. 

Q. But the cylinder receiving more of the heavy ends was 
actually not the one that was going to do the knocking, ac¬ 
cording to your conception? A. That is correct. 

By the Court: 

Q. ^lay I ask you a question? I understood you to say 
that when we had knocking as a result of the mixture, it 
was primarily where you had the so-called heavier ends. 
A. No; the light ends. 

Q. The opinion of the industry and the prior teaching 
was that it occurred where you had the heavier ends? A. 
Yes. 

Q. And you <?ame to the conclusion that just the opposite 
was true; that is, that where you had the lighter ends that 
was true? A. Yes. 

Q. But in either case you also had the presence of air? 
A. Yes. 

58 Q. Do I understand you to say that in either case 
the mixture of air was practically constant? In 

other words, would you have diflSculty or would you be 
able to determine what you claim to have determined if 
there was a mixture of air which was constantly varying? 
In other words, you cannot dismiss the presence of air in 
the mixture at all? A. That is right. If the distribution 
of the air were unequal, the problem would be even more 
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complex than it is. Fortunately, the distribution of air 
is quite uniform to the different cylinders at all times. 


Mr. Wiegand. I think at this point it would be helpful 
to have Mr. Bartholomew explain some of the things he 
has been saying in words with the aid of the enlargement 
of Fig. 2 of the Bartholomew application. 


By Mr. Wiegand: 

Q. Mr. Bartholomew, you have before you an enlarge¬ 
ment of Fig. 2 of your application; is that correct? A. 
That is right. 

Q. Will you please, with the aid of that drawing, explain 
a little more in detail what you have just been talking 
about in your last several answers 1 A. This dravdng rep¬ 
resents three cylinders of an engine, labeled A, B, and C, 
a carburetor labeled 11, and an intake manifold labeled 12 
through which mixture from the carburetor flows to (Cyl¬ 
inders A, B, and C. 

We have intake valves labeled 14 which open to ad^it 
the charge from the intake manifold to the cylinders. 

For the purposes of illustration and to indicate the ca¬ 
pacity of the cylinders to receive a constant volume 
59 of air the pistons labeled 16 are all shown in their 
bottom dead center positions instead of at different 
points in between top and dead center, as they would be in 
the normal engine. 

We have illustrated here what I conceived to be the 
mechanism of fuel distribution within the engine that \\^as 
causing the difficulty which I described previously. )^’e 
represent the mixture of air and vaporized fuel by brolj:en 
lines, such as surround the Fig. 13, in the manifold. 

Unvaporized liquid fuel is illustrated by black dots la¬ 
beled 17 on the drawing, whose size is indicative of the 
relative concentration of unvaporized fuel in the mixture. 

Now, considering cylinder A one moment, fuel and air 
leave the carburetor. Some of the fuel is vaporized iniijiie- 
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diately. We have indicated that by the broken lines in the 
manifold. 

Along with the vaporized fuel, which is mixed intimately 
with the air, there are drops of unvaporized fuel. That 
composite mixture starts toward the cylinders. 

We have assumed in this particular drawing that cyl¬ 
inder A receives substantially only the vaporized light 
ends of the fuel. It may be said that it is likely that that 
would be the case, inasmuch as cylinder A is farthest from 
the manifold, but that docs not necessarily follow. At dif¬ 
ferent speeds it may be some other cylinder which is de¬ 
ficient in receiving the unvaporized liquid portions of the 
fuel. 

We illustrate that cylinder B rec-eives an equal charge 
of air and of the vaparized fuel, but in addition a certain 
amount of the unvaporized liquid fuel, which we have indi¬ 
cated by black dots, diminishing in diameter as the drops 
fall into the cylinder and absorb heat from the sur- 
60 faces of the cylinder and are consequently vapor¬ 
ized. 

The liquid fuel which enters cylinder B ■we assume to be 
substantially the liquid fuel in quantity which would enter 
cylinder B if there were uniform distribution of both va¬ 
porized and unvaporized fuel to the three cylinders. 

In cylinder C we illustrate the conditions existing in the 
cylinder receiving not only a normal charge of air and of 
vaporized fuel but an excess of the unvaporized hea'vy 
ends of the fuel, which in the drawing we illustrate as t-wo 
streams of droplets, as opposed to a single stream of drop¬ 
lets entering cylinder B. 

Therefore, it is obvious that we have in the cylinders, 
when the intake valves have closed, not only a different 
quantity of fuel but, taken as a whole, fuel of different 
chemical composition in the three cylinders. 

By the Court: 

Q. In other words, in cylinder A you have vaporized 
gasoline plus' air, and in cylinder B you have vaporized 
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gasoline plus air and some gasoline in the liquid state, and 
then in cylinder C you have air plus vaporized gasolene 
plus a little more of the liquid gasoline? A. That is ri^ht, 
your Honor. 

By Mr. Wiegand: 

Q. Does cylinder B get about the same kind of gasoli ne 
that comes from the carburetor or not? A. Yes. We hjive 
illustrated cylinder B as receiving substantially fuel ^nd 
air in the same proportions as in the charge leaving i:he 
carburetor. 

Mr. Wiegand. If your Honor please, I do not know 
whether you want us to put that large chart in evi- 
61 donee or smaller photostats of the exhibit. They 
are in Plaintitf’s Exhibit 1, but it is rather incon¬ 
venient to handle. I suggest that I put these two sheets 
in evidence and that both of them be marked Plaintiff’s 
Exhibit 3, for convenience. 

(Photostatic copies of large chart were received in evi¬ 
dence and marked Plaintiff’s Exhibit 3.) | 

j 

By Mr. Wiegand: | 

Q. Mr. Bartholomew, up to this point you have been tes¬ 
tifying as to your concepts or thoughts in this matter. 
Did you do anything by way of confirming them, and if jso, 
what did you do? A. Yes, I did set about to determine 
whether this was a correct conception of what was ocebr- 
ring in the automobile engines on the road. | 

As I have previously stated, if my conception was cor¬ 
rect, then the ratio of fuel to air in the different cylinders 
would vary widely. Up to that particular time we had | no 
apparatus to permit us to determine whether there wfere 
variations in air-fuel ratio among the different cylinders. 
Therefore, it was necessary to develop apparatus to per¬ 
mit that determination to be made. 

I developed a sampling valve, so-called, which we have 
already seen today. 
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Q. Maybe you would like to explain that a little more 
in detail than I did, and I have here a drawing of what I 
understand to be that. 

]Mr. Wiegandi I am told your Honor usually adjourns 
at 12:30. 

62 The Court. On Monday we have General Term. 
I think perhaps it might be wise to adjourn now 

and reconvene at 1:30. 

(Thereupon, at 12:30 o’clock p. m., a recess was taken 
until 1:30 o’clock p. m., of the same day.) 

63 After Recess 

The trial was resumed at 1:30 o’clock p. m., upon the ex¬ 
piration of the recess. 

Thereupon Earl Bartholomew, the witness on the stand 
at the time of taking the recess, resumed the stand and, 
upon examination, testified further as follows: 

Direct Examination—Resumed 

By Mr. Wiegand: 

Q. I think that since the Court rose we have switched 
reporters, so, in order to have the matter straightened out, 
I think I had better ask the question again. 

Mr. Bartholomew, I think you had just begun to explain 
or discuss, when we recessed for lunch, the tests and in¬ 
vestigations you started to make to confirm or find out 
whether you had the correct thought processes, and con¬ 
cepts, and you were about to explain this sampling device 

which vou now have in vour hand. 

» » 

I should like to ask you, please, to explain what that was 
and what it was all about; and if you have any drawings 
or photostats there to aid you in your explanation, will 
you please refer to them! A. The instrument which I 
hold in my hand is one designed to be screwed into the cyl¬ 
inder head of an engine in lieu of a spark plug. This in- 






27 


stniment is equipped with a small valve in the bottom, op¬ 
erated by a solenoid. In addition, there is a sparkplug in¬ 
corporated into the instrument, so that it serves both £.s a 
sampling valve and as an ignition device. j 
64 The drawing, here labeled Figure 1, valve for sjam- 
pling mixture, et cetera, is of a design of this v^lve 
which preceded this one. The only difference is in the l<|)ca- 
tion of the valve seat itself, which in the design sh(})wn 
on the sketch was about two inches above the bottom of j the 
valve. But in the improved type, which I hold in my hand, 
the valve is in the bottom of the instrument. The reaison 
why it was moved down there was that I found that wh^n it 
was up in the body of the valve there was always a little 
cylinder or pocket of unburned air and fuel which jw’as 
drawn into the gas sample bottle when the valve was opejied, 
and that always gave a little oxygen in our products of com¬ 
bustion when, as a matter of fact, there should perhaps Have 
been none because of the richness of the mixture. I 

With this improved type of valve that is in the bottom 
there is no chance for unburned air to be drawn in in |hat 
manner. j 

This valve was used with associated apparatus installed 
in the car to obtain samples of the combustion products. In 
the diagrammatic sketch of the mixture sampling valve and 
associated equipment, the valve itself is shown on the left- 
hand side. There is a vacuum pump, which was driver by 
a motor drawing current from a storage battery within the 
car, which evacuated a gas-sampling bottle. ! 

You will note a mercury manometer to indicate the de¬ 
gree of vacuum achieved in the gas-sampling bottle. (The 
opening of the valve itself was timed by an auxiliary dejdce 
which was inade and fitted to the distributor. It was ar¬ 
ranged to discharge a condenser, shovm as 60 microfarads, 
across the coil in the solenoid coil in the valve at the proper 
point after the fuel had been burned toward the end of the 
combustion stroke. 
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'\Mien the valve opened, due to the large difference 

65 in pressure, the products of combustion were rapidly 
withdra\\Ti from the cylinder into the gas-sampling 

bottle. Then the cocks of the gas-sampling bottle were 
closed, and the gas-sampling bottle was taken to the labora¬ 
tory for an analysis of the products of combustion. 

By methods which are well known, the products of com¬ 
bustion can be analyzed and computations made of the air- 
fuel ratio. That was done on the different cylinders of the 
multi-cylinder engines during their operation under condi¬ 
tions of both poor distribution and good distribution. 

Q. On the road ? A. On the road, yes. It was found that 
during cold-weather operation and at low speed, there were 
large variations in the ratio of air to fuel in the different 
cvlinders. That was as much as five ratios. In other words, 
in the richest cylinder I found that the ratio of air to fuel 
might be 10 or 11 to 1. 

By the Court: 

Q. AVhat do you mean by “the richest cylinder”? A. The 
richest cylinder is the one containing or receiving the larg¬ 
est amount of fuel. 

Q. Do you mean C? A. That is cylinder C in our dia¬ 
gram. 

By Mr. Wiegand: 

Q. On Figure 2? A. Yes, on Figure 2. 

By the Court: 

Q. That is fuel in any form? A. Yes. After the fuel 
enters the cylinder, whether it be in the vaporized 

66 state or the liquid state, there is sufficient heat stored 
in the piston and the cylinder walls to vaporize the 

fuel regardless of the state in which it enters the cylinder. 

So, it was found that there were these wide variations in 
air-fuel ratio, a difference between an air-fuel ratio of 10 
or 11 to 1 and 16 to 1, and I found that greatest range was a 
difference of approximately 50%. 
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Q. Do you mean that 16 to 1 is 16 parts of air to 1 pa rt of 
fuel? A. Yes, to one of fuel. So, it was a variation amount¬ 
ing to substantially 50% in the amount of fuel entering the 
different cylinders. That seiwed to confirm one phase of 
my original conception. 

However, my original conception was more extensive than 
that. If the original conception was correct, then that dif¬ 
ference in the air-fuel ratios among the several cvlinders 
should give rise to differences in knocking tendency; Induce, 
further research was carried out to determine what th(‘ va¬ 
riations in separate cylinder knocking tendency amounted 
to. 

At that time there was no method known for deterpiin- 
ing what the separate cylinder knocking tendencies were; 
hence, it was necessary to develop means for isolating a 
given cylinder for the purpose of determining the knock¬ 
ing tendency. Therefore, a device was developed which 
was used in conjunction with the regular distributor. iThis 
device permitted the ignition timing in all cylinders exbept 
one to be retarded sufficiently to eliminate all knocking, 
but the ignition timing in the one cylinder was allowed to 
remain the conventional timing. Then, after a study had 
been made in one cylinder, another cylinder could be chosen 
to have the ignition timing left normal and the i.gni- 
67 tion timing of the other cylinders retarded. By that 
means it was possible, one at a time, to detenbine 
the knocking tendency of each cylinder. 

I might add that this device for determining the knock¬ 
ing tendency of each individual cylinder was used sinul- 
taneously with the sampling valve and associated appa¬ 
ratus, in order that determinations might be made of the 
knocking tendency of the cylinder simultaneously witl^ the 
withdrawal of the products of combustion from that par¬ 
ticular cylinder. | 

After those determinations had been made, I compiired 
•the knocking tendencv of the different cvlinders -with the 
air-fuel ratios, determined as previously described, jand 
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found that, in accordance with my original conception, there 
was a close correlation between the knocking tendency of the 
individual cylinders and the air-fuel ratios in the individ¬ 
ual cylinders. The cylinders which had the greatest ten- 
denev to knock Were the lean cvlinders, which had received 
the smallest quantity of fuel, and the cylinders having the 
least tendency to knock were the richest cylinders, which 
had received the greatest quantity of fuel. 

Q. In other words, having in mind the diagram on the 
blackboard, the cylinder which had the greatest tendency 
to knock would be A, and the cylinder which had the least 
tendency to knock would be C ? A. That is right; and cyl¬ 
inder B would be in between A and C. 

At this point I had confirmed two phases of my original 
conception, but a third phase remained. 

Mr. Wiegand. May I interrupt you just a minute? I 
should like to offer in evidence the two drawings referred 
to by the witness in the last answer, one being of the 
68 sampling device, and the other of the hookup for it. 

I ask that they be marked as Plaintiff’s Exhibits 4-A 
and 4-B. 

The Court. Is there any objection? 

Mr. Cochran. No objection. 

(Drawing of sampling device was marked as Plaintiff’s 
Exhibit 4-A, and drawing of hookup was marked as Plain- 
titf’s Exhibit 4-B, and they were received in evidence.) 

By Mr. Wiegand: 

Q. Will you please continue your answer? A. There re¬ 
mained one phase of my original conception which this work 
had not proved or disproved, and that was the conception 
with respect to the cause of the variation in air-fuel ratio 
from cylinder to cylinder. 

You will recall that I had conceived of the variation in 
fuel distribution arising because of the difference in the 
amount of the unvaporized liquid hea\w ends which entered 
the several cylinders. The investigation which had been 
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made to date did not prove that the diffeiences in air-:fuel 
ratios arose because of that difference in the amounll of 
liquid heavy ends entering the different cylinders, and the 
analysis of the products of combustion of conventional gas¬ 
olines used up to this date did not permit any determi na¬ 
tion of that particular factor. Hence, I made up a fuel con¬ 
taining only two components, one a quite volatile compo¬ 
nent, and the other a relatively non-volatile hydrocarpon. 
These two hydrocarbons varied widely in chemical compo¬ 
sition and as such produced products of combustion ditfter- 
ing very widely in their composition. Thus an analysis of 
the products of combustion from the different cylinders per¬ 
mitted not only a determination of the air-fuel ratios 
69 in the cylinders but also a calculation of the quantity 
of the two components of the fuel which had entered 
the different cylinders. i 

j 

By the Court: j 

Q. Am I correct in understanding or assuming that | the 
experiments heretofore were with relation to the ordinary 
internal combustion engine and ordinary gasoline, with no 
leads contained in them? A. That is correct. j 

Q. Now you are going into the process of examiningjthe 
products of combustion and then making a determina|:ion 
of the composition of the fuel you used? A. That is cor¬ 
rect. The reason for choosing the fuel of the two eonipo- 
nents which I just described was to give a fuel having light 
ends and heavy ends of products of combustion widely 
different composition, containing no lead, in order th^t a 
determination might be made not only of the differences 
in air-fuel ratios among the cylinders, but a determination 
of how much of the light ends and how much of the heavy 
ends entered each cylinder. 

By Mr. Wiegand: 

Q. Just a moment. Let me ask right there, About liow 
many different kinds of hydrocarbons are there in cbm- 
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mercial gasoline? Do you know what I mean? A. There 
are hundreds of hydrocarbons in any ordinary commer¬ 
cial gasoline. They vary widely in their volatility and 
chemical composition, although the light ends of the ordi¬ 
nary gasoline as opposed to the heavy ends are more nearly 
similar among members of the group than the tw'o compo¬ 
nents which I chose for this particular investigation, 

Q. Will you please proceed with your answ’er, now? 
70 A. When I had made these determinations, I found 
that the variations in air-fuel ratio from cylinder to 
cylinder did, in fact, occur entirely because of the differ¬ 
ences in the amount of the hea^w component which had en¬ 
tered the different cvlinders. Therefore, inv original con- 
caption wdth respect to the distribution of fuel in an engine 
and the consequent effect on knocking in the different cyl¬ 
inders was fully confirmed. 

Q, In addition to the apparatus that you have referred 
to in vour last answ'er, did vou devise anv other method or 
apparatus, or both, to enable you to make investigations 
simulating or imitating the different cylinders of a multi¬ 
cylinder engine operating under actual conditions? A. Yes. 

Q. Will you please refer to this drawing and tell me 
whether that has anything to do writh it? If it does, you 
may use it to aid you in making your explanation. A. I 
have previously described the fuel induction system for the 
standard American Society for Testing Materials knock¬ 
testing machine. I do not recall the exhibit number w’hich 
that was given. 

Q. The old single cylinder engine? A. The old single 
cylinder engine. 

Q. That was exhibit 2. A. It wall be recalled that in that 
particular fuel induction system, fuel flowed from the car¬ 
buretor to the engine in a dowmward direction and w^as as¬ 
sisted by gravity. Any unvaporized fuel was assisted by 
gravitv in its travel from the carburetor to the engine cvl- 
inder. Therefore, all parts of the fuel, w’hether vaporized 
or unvaporized, entered the cylinder immediately with the 


air. 
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71 We have pointed out that in the nmlti-cylinde| en¬ 
gine there is never equal distribution of the unvapo¬ 
rized portion of the fuel to the several cylinders. It was ex¬ 
tremely desirable that, if possible, the standard single-cvlin- 
der testing engine be so modified as to permit the simulation 
of conditions existing in the multi-cylinder engine on the 
road during poor distribution of the fuel. The fuel induc¬ 
tion systems on the sheet which we are looking at at present 
represent different developments of special manifolds Which 
I made to simulate these particular conditions. 

Referring first to the one marked a, it will be noted that 
inserted between the engine cylinder and the carburetor is 
a manifold which resembles a gooseneck or a sink trap, and 
that in the bottom of this trap there is a valve to whi^jh is 
attached a graduated burette. 

When this manifold was used, the mixture of air, vajoori- 
zed fuel, and liquid fuel left the carburetor and tra^'eled 
downward. However, it was necessary for the directicm of 
flow to be sharply reversed at the bottom of the trap. There 
was, therefore, a tendency for the liquid fuel not to travel 
up the right-hand leg of the trap but to flow out through the 
drain at the bottom. 

By the Court: 

Q. I take it, then, that the result of this experiment was 
to get a mixture which was made up primarily of air vapo¬ 
rized fuel; liquid going out at the bottom ? A. That is cor¬ 
rect. 

Q. That was simulating what was going on in cylinder A? 
A. In cylinder A; that is correct, your Honor. 

I found, however, that a further modification was 

72 necessary to obtain tlie exact simulation which was 
desired. The velocity through the manifold iillus- 

trated in a was still somewhat too high, and there was some 
tendency to pull droplets of liquid on up this leg into this 
cylinder. As a consequence, the setup illustrated above c 
was developed, which is essentially similar to the apparatus 
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illustrated in a, except that at the bottom of the trap there 
is an enlargement of the trap. That had the effect of reduc¬ 
ing the velocity at the bottom of the trap to a quite low fig¬ 
ure, which caused all of the imvaporized liquid fuel to drop 
out and to be drained from the manifold. 

I found that through the use of this equipment I could 
duplicate exactly the conditions existing in lean cylinder A 
of the multi-cylinder engine during road operation. But 
that was not enough. I wished to check the operation of 
rich cylinder C on the single-cylinder engine. To do that, I 
recovered the liquid heavy ends during operation under con¬ 
ditions simulating cylinder A and added those in proper 
proportion to a quantity of the original fuel and then burned 
that in the engine, either with the conventional manifold 
which insured all fuel leaving the carburetor entering the 
cylinder, or in a manifold such as is illustrated in c, but with 
sufficient heat applied by the heaters to insure complete va¬ 
porization. 

I found that by that means I was able also to duplicate 
the behavior of rich cylinder C; and, of course, cylinder B 
could be duplicated by applying enough heat to the mixture 
in the manifold to vaporize all the fuel that left the carbu¬ 
retor, so that the quantity of fuel entering the cylinder was 
the same as the quantity of fuel per unit volume of 
73 air leaving the carburetor, just as in the older type 
knock-testing engine. 

Q. Let me ask this question: I understand these two dia¬ 
grams here—that is, the small diagram a and the small dia¬ 
gram c. But what about b and d? A. I beg your pardon, 
your Honor; I failed to describe b and d. 

Q. b and d technically represent the situation with respect 
to cylinder C ? A. b and d were other means for accomplish¬ 
ing the same result. When I found that in the setup in a 
there was too much velocity to insure the recovery of all the 
liquid fuel, I developed the setup illustrated in b, which con¬ 
sisted of a cylinder to be attached at the bottom of the goose¬ 
neck to provide a greater volume at that point, in the hope 
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that the greater volume there would cause some of the mix¬ 
ture to be breathed from the manifold. That is, I had 
thought it might be like a multi-cylinder engine—an addi¬ 
tional manifold added to the engine. That was partially 
successful but not nearly as efficient as the enlargemer.t in 
the gooseneck used in cylinder C. 

Q. I undei-stand the reason you gave for the mechanism 
depicted in this diagram, a, was so that you could duplicate 
the situation in cylinder A with respect to the fuel mixture, 
and you found that when you completed this mechanism, 
due to the velocity with which the fuel mixture was broifght 
in, some of the liquid fuel remained in the bottom of that 
area. A. Yes. 

Q. Then you were uncertain whether it would all remain 
there or whether some of it was forced out and went o:i to 
the other part of the mechanism—that is, through the 
74 cylinder head to the engine. So, not knowing abso¬ 
lutely what the situation was, you then developed 
mechanism as described in diagram c, and you created a 
larger area down below, making certain that all the lic[uid 
fuel would remain in this trap, so to speak. A. Actujilly, 
your Honor, b is the next step in the sequence, the cyliiider 
illustrated at the left, which was connected onto the T. 

Q. That was the purpose of it? A. That was the pur^iose 
of it—to get complete separation. 

Q. You did achieve that? A. In c. Actually, before I 
had had an opportunity to determine that c was completely 
satisfactory, I designed the setup illustrated in d, the i^ea 
being that if the first chamber failed to effect complete Rep¬ 
aration, the second chamber in the series of three or 'the 
third in that series should complete the separation of any 
liquid fuel that might remain. I found, however, that the 
apparatus illustrated in c was entirely satisfactory, ^nd 
although I did try out d, I found that no liquid fuel was re¬ 
covered from the second and third chambers. | 

Q. The purpose of the burette was to measure the amount 
of liquid fuel that you subsequently recovered from the tr&p; 
is that correct? A. That is correct, your Honor. ! 



36 


Q. The measurement on there was cubic centimeters? A. 
Cubic centimeters. I perhaps should have added that simul¬ 
taneously I measured the quantity of fuel which was fed to 
the carburetor. Therefore, by this— 

Q. (Interposing) You were able to distinguish 

75 what was evaporation and what was in the liquid 
state? A. That is correct. 

By Mr. Wiegand: 

Q. AVhat did the investigation using this now apparatus 
demonstrated here prove to you ! Have you mentioned that? 
A. The proof of my original conception was established by 
the multi-cylinder engine tests. However, it was a bit in¬ 
convenient to have to go out onto the road each time I de¬ 
sired to investigate a fuel. It was much more convenient to 
be able to go into the laboratory, under the well controlled 
conditions we have, and regardless of weather conditions 
outside be able to investigate fuels and antiknocking com¬ 
pounds in the laboratory on the single cylinder engine. 

Q. But simulating conditions of multi-cylinder engines; 
is that correct ? A. That is correct. 

Mr. Wiegand. At this time I should like to offer in evi¬ 
dence the drawing that has been referred to by the witness 
in his last several answers. I offer this as Plaintiff’s Ex¬ 
hibit 5. 

The Court. Is there any objection? 

Mr. Cochran. No objection. 

(Drawing referred to was marked as Plaintiff’s Exhibit 
5 and received in evidence.) 

By the Court: 

Q. What you produced in the nature of a mixture as a 
result of this experiment, I take it, was a mixture of air 
plus vaporized gasoline. What did you you discover as the 
result of the experiment with reference to knocking tend¬ 
ency? A. I found on the single-cylinder engine as 

76 well as on the multi-cylinder engine that knocking 
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was greater in the lean cylinder A than in the lean cylinder 
C, except that in the case— 

By Mr. Wiegand: i 

Q. (Interposing) Did yon mean lean cylinder C? A. 
Lean cylinder A than in the case of rich cylinder C. Bhw- 
ever, on the single-cylinder engine I so changed conditions 
that the conditions with respect to both lean cylinder A and 
rich cylinder C were set up on the single-cylinder en«:ine, 
although not simultaneously. 

By the Court: 

Q. I take it that you found less tendency to knock in 
the rich cylinder C than in the lean cylinder A? A. Tpere 
was less tendency for rich cylinder C to knock than for lean 
cylinder A. 

By Mr. "W'iegand: 

Q. From your discussion so far, one would probably t'link 
that the problem you set out to solve was the knocking 
which occurred during this low-speed, poor distributioh pe¬ 
riod. Is that true? A. No. j 

Q. "iVhy not ? In giving your answer, and with a vie|v to 
shortening things, perhaps you may refer to page 2, ai the 
bottom, of your application. Do you have a copy bf it 
there? A. I do. 

Q. Refer first to that, and then I will refer you to dther 
portions. I think we can then get along a little faster] A. 
On page 2, the last paragraph, first sentence, I madel the 
statement, quoting: 

“It is commonly known that knocking in automobile; en¬ 
gines may occur at either high speed or low speed 
77 and that a given engine may knock at both high and 
low speeds. ’ ’ 

It follows, therefore, that if we are going to have kr.ock- 
ing from the operation, it is necessary to take care of f)oth 
the low and the high speed conditions of operation. 
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Q. Is it true that at high speed under ordinary circum¬ 
stances you have good fuel distribution, so that all the 
cylinders have the same tendency to knock, speaking gen¬ 
erally for the moment? A. Yes. At high engine speed the 
velocity of the charge through the manifold is greatly in¬ 
creased and is sufficiently high to carry along the unvapor¬ 
ized fuel without the variations in distribution of unva¬ 
porized fuel which characterize low speed operation under 
cold conditions. 

Q. This variation in separate cylinder knocking tendency 
is something that occurs only during a part of the use of 
the car—a part of the time; is that correct? A. Y'es, ac¬ 
tually only a very small part of the operating time, in the 
case of the ordinary automobile. 

Q. With the use of the automobile, and where it has good 
distribution, when there is no difference in the knocking 
tendencies in the cylinder, that is a greater period in length 
of time than the other period I just spoke of; is that cor¬ 
rect? A. Much greater. 

Q. Now, I notice that your application indicates on page 
8 that this bad distribution and low speed knocking may 
occur at speeds as high as 35 miles an hour. I understand 
that in some states it is illegal to drive at a speed above 
50 miles per hour. Now, does not this mean that a person 
living in one of those states would do most of his 
78 driving probably below 35 miles an hour, and he 
must be concerned more with low speed knocking 
than equal distribution knocking? A. I should like to quote 
from the application on page 8, toward the end of the first 
paragraph, starting with the sentence that begins, “I find.” 

“I find that during conditions existing in the summer¬ 
time the unequal distribution of fuel described above occurs 
at substantially constant car speeds up to about 25 miles 
an hour. Under more adverse conditions, such as winter 
operation, less heat applied to the intake manifold or the 
use of less volatile fuel, the unequal distribution of fuel 
may persist at even higher car speeds.” 
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“At substantially constant car speeds above approp- 
mately 35 miles an hour the velocity of the mixture of air 
and fuel vapor in the intake manifold is usually suflSciently 
high to entrain the liquid portion of the fuel and distribiiite 
it in substantially equal quantities to all the cylinders, bin¬ 
der this condition all the cylinders receive charges which 
are substantially the same and the charges in all the c]>d- 
inders have the characteristics of the charge in cylinder B 

in Figure 2.” i 

I 

Now, whether or not unequal fuel distribution occurs dur¬ 
ing low speed operation at any particular speed depenjis, 
among other things, on the previous operation of the En¬ 
gine. Suppose, for purposes of illustration, that a car is 
being driven along at 50 miles per hour or at any higher 
speed in cross-country operation but that it is mjc- 
79 essary to slow down because of the traffic signals lor 
vehicles ahead, or for some other reason. The brakes 
are applied, the car is brought down to a low speed, and is 
then accelerated again when the road is clear ahead. 

During the operation at the high speed, temperature ccn- 
ditions have been built up because of the high speed opera¬ 
tion to a point where the manifold, the engine, the radiator, 
and all the other associated parts of the engine are quite 
warm. So, when the accelerator pedal is depressed for the 
acceleration, the heat in the intake manifold absorbed over 
the previous high speed operation is sufficiently great to 
vaporize practically all of the fuel, so that under such cc»n- 
ditions the period of poor distribution may persist up to 
only 10 or 15 miles per hour. 

On a very hot day or in the summertime on almost any 
day out in the Southwest or in parts of the South conditions 
are favorable to good distribution of the fuel, even do-wn 
to relatively low engine speeds. On the other hand, in the 
wintertime, when it is quite cold, the conditions of poor dis¬ 
tribution may persist up to speeds as high as 35 miles an 
hour. 
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Q. Would they persist when the engine warms up under 
the last conditions you have named? A. The worst condi¬ 
tion of poor distribution encountered is soon after starting 
or immediately after starting in quite cold weather. As 
the engine warms up, even during cold weather operation, 
there is a tendency for the poor distribution to be limited 
to a narrower and lower speed range of operation. 

By the Court: 

Q. With ordinary gasoline? A. Yes, sir. I refer in all 
that I have said to ordinary commercial gasoline. 

SO By Mr. Wiegand: 

Q. I think }^ou have already answered, perhaps, the next 
question I was going to ask you. If you have, please say so. 
I think I heard you answer it in part of your last answer. 

Is there any driving in which the low speed distribution 
knock plays a very small part? If you have not explained 
that fully, please i)roceed to do so. Is there any driving in 
which the low speed distribution knock plays a very small 
part ? A. I mentioned operation on a hot day. That would 
be a condition under which poor distribution w’ould play a 
small part. I also outlined the conditions existing during 
cross-country'driving, where heat is built up in the engine 
under conditions of high speed driving, and I stated that 
this heat is available during subsequent low speed opera¬ 
tion for vaporizing the fuel. 

By the Court: 

Q. As I understand your theory, it is this: that you go 
counter to general opinion previously held or now held by 
a number of experts in the field, who hold that the cause of 
knocking is the mixture which has to do with liquid gasoline 
plus the air. Your theory, as I understand it, is that the 
knocking you found was caused by a mixture of air plus 
vaporized gasoline. A. Knocking is due for the most part 
to the comprcission that exists in the cylinder at the time 
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the combustion starts. It was my conception that the vaijia- 
tion in knocking tendency from cylinder to cylinder resur:ed 
from the poor distribution of the fuel. 

Q. But the combustible material, taken together with “he 
pressure exerted by the cylinder, is, according to 

81 your theory, as I understand it, the air plus vapor¬ 
ized gasoline. A. What I intended to establish \^as 

that the ditference in fuel distribution— I 

Q. (Interposing) Taking these cylinders A, B, and|C. 
A. Yes. 

Q. In A you have what you call a lean mixture? A. Lean. 
Q. That is made up of air and vaporized gasoline. is 
made up of air, vaporized gasoline, and some gasoline in 
liquid form. C is made up of air and gasoline mostly in 
liquid form. A. Well, the same amount of vaporized fuel 
as in the others, but in addition— 

Q. (Interposing) In addition to that, gasoline in the 
liquid form? A. All the cylinders may knock. Whether or 
not all of them knock depends on the compression ra tio. 
But by virtue of the leanness of cylinder A, if there is poor 
fuel distribution, cylinder A will knock more than cylinder 
C. 

Q. Why? A. Because of the mixture ratio. 

Q. What would that be? A. That would be of the order 
of 15 to 1. 

Q. Fifteen parts of air to one part of vaporized gsso- 
line? A. Yes. 

Q. Gasoline fuel in vaporized form? A. Yes, your 
Honor. 

I might add at this point that when distribution of fuel 
is good, we are just as likely to have knocking; but 

82 under such conditions the tendency of cylinders A, 
B, and C to knock will be the same, other conditions 

remaining constant, because the fuel is distributed Uni¬ 
formly, and the air-fuel ratios in A, B, and C under tlose 
conditions become the same. 
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By Mr. Wiegand: 

Q. Is there any condition of operation under which the 
low speed knock and bad distribution would predominate 
and, therefore, be the more important to consider? A. 
Yes. We might consider, for example, the driving done by 
a physician in a city, in calling on his patients, where he 
drives a relatively short distance from house to house and 
never drives at high speed. During the wintertime he would 
never have the'engine warmed up to a point where he would 
obtain any substantial benefit from the soaking up of heat 
by the manifold in the higher speed operation which we 
described previously. 

Q. But that is quite a special case, is it, with respect to 
the use of automobiles generally? A. Yes, as a percentage 
of the total operation, it is quite small. 

Q. Having in mind all those things you have just been 
saying, which would you consider to be the most important 
l)art of the problem you have stated you set out to solve? 
A. Well, the niost important part is to insure good opera¬ 
tion during the period of good fuel distribution, because 
that type of operation constitutes the major part of the 
operation of the engine. 

Q. Have you anything more to say about the problem 
which you sought to solve, the general background for con¬ 
sidering this subject matter—that is, as to good dis- 
83 tribution when an engine is warmed up and is very 
critical of small changes, or anything of that sort? 
I do not know whether you get my question. A. I might 
add— 

By the Court: 

Q. I take it that you assume that good distribution is 
typified by cylinder C? Good distribution in the sense that 
you use the term is typified by cylinder C? 

Mr. Wiegand. B, I think, is the good boy, under condi¬ 
tions of good distribution, if you will permit me to testify. 

The Court. I only want to straighten it out in my mind. 
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By Mr. Wiegand: 

Q. As I understand it, what cylinder B is getting under 
conditions of good distribution is depicted in Figure 2 ? A. 
That is correct. If we assume that one stream of lujuid 
fuel in cylinder C is transferred over to cylinder A, ■:hen 
each cylinder is receiving one stream of liquid fuel;!and 
they all receive— I 

By the Court: 

Q. (Interposing) Then, of those three cylinders—A, B, 
and C—B is in the ideal state as far as fuel distribution is 
concerned? A. Yes. 

84 Mr. Wiegand. Will the reporter read my last 
question which was unanswered? 

The Reporter (reading): “Have you anything more to 
say about the problem which you sought to solve, the gen¬ 
eral background for considering this subject matter—that 
is, as to good distribution when an engine is warmed upland 
is very critical of small changes, or anything of that s^rt? 
I do not know whether you get my question.’’ 

By Mr. Wiegand: 

Q. Will you please try to answer the question? That 
was left unanswered. A. Yes. At high engine speed or 
when the engine is hot it does tend to be quite criticel of 
small differences in anti-knock value of the fuel fed to it. 
Hence, any deficiency of anti-knock value under this condi¬ 
tion of operation is felt quite perceptibly by the ens^e. 
Therefore, it is important that no step be made in solv 
any problem which will result in a reduction of the 
knock value available during the high speed or high 
perature operation. 

Q. After you completed your experimental and analyf: 
investigations to which you have testified what did you 
do to complete your invention, and to aid you in answg 
that question or to aid you in making yourself clear, I 
here an enlargement of your Fig. 4, which is an enlair; 
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reproduction of some of the curves, colored for your con¬ 
venience ; and also I would like you in answering to refer 
to your application, and particularly to page 15 near the 
bottom of your application and page 16 at the top, so that 
in answering my question, which the reporter will 

85 repeat to you, use the chart Fig. 4 that is now on 
the blackboard and refer to the specification at the 

places that I have indicated, if that will aid you. 

If your Honor please, that is a duplicate of our Fig. 4 
of the application. I think you have the drawings up there 
as Exhibit 3, and the pages in the specification I referred 
to are 15 at the bottom and 16 at the top. A. I should like 
to read from my application, starting at the bottom of page 
15, the last sentence. 

By the Court; 

Q. This is what you did, I take it? A. Yes. 

By Mr. Wiegand: 

Q. Do the descriptions in your application represent work 
that you had actually done? You read that application be¬ 
fore you executed it? A. Yes. 

The Court: I have no doubt about that. My inquiry was 
directed to what I assumed was the fact that, having in 
mind these conditions, he did what he is going to read now. 

By the Court: 

Q. Is that correct? A. That is correct. 

(Beading) “I find that the best anti-knock agent is a 
mixture of lead alkyls which gives the highest and most 
nearly uniform increase in H. U. C. R. of an engine over 
the range of operating conditions under which it is used.” 

I believe, before reading further, I should like to describe 
this diagram, in order that we may have a better 

86 conception of some of the things referred to in the 
application. 



45 


In the diagram which we have before us there is a ^'er- 
tical scale labeled “Octane number of treated fuel or fi’ac- 
tion.” That is another way of sajdng that the vertical 
scale represents the anti-knock quality of the lead alkyls, 
which we have shown hereon. As the horizontal scale we 
have two. One scale is the boiling points at 13 millimeters 
of mercury pressure in degrees centigrade. The other s(iale 
is the number of carbon atoms in the lead alkyl molecul^. 

Bv the Court: ! 

Q. In relation to 100? A. No; the actual number. 

Q. I see. A. Going back to our consideration of the lead 
alkyls this morning, it will be recalled that lead tetramethyl 
contained one atom of lead and four methyl radicals, that 
is four CH- radicals. Therefore, in tetramethyl there ai-e 4 
carbon atoms. 

Q. I was referring to the perpendicular scale, 84. A. 
This is with respect to 100. 

Q. That is what I thought. A. The octane number S(jale 
extends from zero to 100. I do not believe it is necessary 
to describe it. 

Q. No. I wanted to make certain what those figures rep¬ 
resented. A. That is correct. 

Lead tetraethyl on this chart would be plotted on a ver¬ 
tical line through the 8 carbon atom point. 

Lead trimethyl ethyl would be through the 5 car- 
87 bon atom point. 

Lead dimethyl diethyl would be through the 6 car¬ 
bon atoms. 

Similarly, the lead triethyl methyl is a 7 carbon atom 
compound. 

After I had done the work which I just described I foand 
it necessary to learn some more about the lead alkyls under 
different conditions of operation. The only information 
available with respect to that was certain information; ])art 
of the information that was needed for the construction of 
curve D, which is here labeled a 100 per cent vaporization 
curve. 
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By Mr. Wiegand: 

Q. The left-hand figure on curve D would be what? A. 
Point 1 represc*nts the anti-knock value of lead tetramethyl. 

Q. Tliat is, the table above the curve gives the com¬ 
pounds or lead alkyls that correspond to the numbers used 
on the curves ;■ is that correct ? A. That is correct. The 
numbers used on the curves refer to the legend above. 

Q, Will you please proceed now? A. Curve D. is a curve 
representing the anti-knock value of the lead alkyls under 
conditions of 100 per cent vaporization—that is, when the 
faulty distribution which we have considered in more detail 
previously does not exist. 

This information with respect to the lead alkyls was gen¬ 
erally known, perhaps not as accurately determined as here, 
but this particular quality of the alkyls was fairly well 
known. 

Our problem! is more extensive than that when conditions 
are such that imperfect vaporization prevails. 

88 I had previously determined that the worst con¬ 
dition to be met in service was one when approxi¬ 
mately 53 per cent of the fuel is vaporized. 

Q. That would represent a condition of poor distribu¬ 
tion: is that right? A. Very poor distribution. That is a 
condition which would exist in about zero weather, immedi¬ 
ately after starting of the engine. 

Q. Please proceed. 

By the Court: 

Q. I wonder if I follow this diagram correctly. I do not 
understand the relationship of the square that you have on 
the graph, the relationship of the space between 68 and 72 
on your perpendicular scale. You have this measurement 
point here (indicating on diagram). A. Yes. 

Q. You have this here (indicating on diagram) ? A. Yes. 

Q. This curve you are talking about is all in here, prob¬ 
ably about 69 or 70 (indicating). A. A little under 70. 

Q. What would that represent in relation to this (indi¬ 
cating), if anything? A. I think I had better go back and 
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clarify curve D. We have already explained Point 1. 
let us proceed to Point 2. 

Referring to the legend, we find that this illustrates data 
for trimethyl ethyl. Point 2 has a vertical height here 
which when projected over onto the scale indicates 
89 that the anti-knock v’alue of trimethyl ethyl under 
conditions of perfect distribution would be about, 
say, 75.3 or somewhere near that. 

By the same token, point 3, representing dimethyl di¬ 
ethyl, when projected over to the vertical scale would liave 
an anti-knock value of perhaps 76.5 under conditions of 
perfect distribution. 

I had found that 53 per cent vaporization represents sub¬ 
stantially the worst condition ever encountered witi. re¬ 
spect to poor distribution, a condition prevailing in very 
cold weather, near zero degrees Fahrenheit, immediately 
after an engine is started, or, at least, when there has been 
no period for the engine to warm up to any appreciable 
extent. 


Curve E was constructed to represent the anti-kiock 
value obtained from the lead alkyls in lean cylinder A\ un¬ 
der such conditions of poor vaporization. We find that un¬ 
der these conditions lead tetramethvl has a verv high elffec- 
tiveness—it is perhaps about 82.5; that trimethyl ethyl has 
still quite a high effectiveness, although not as higli as 
tetramethyl—it is about 78.7, perhaps; that as we proceed 
toward the less volatile alkyls, their effectiveness fall^ off 
rapidly. 

Dimethyl diethyl has only 72 octane number. Methyl 
triethyl has only about 69i/^. 

The remainder of the alkyls here illustrated contriWe 
practically no anti-knock values. This is substantially the 
anti-knock value of the vaporized base fuel itself, for the 
reason that when only 53 per cent of the fuel has been 
vaporized, the less volatile alkjds have hardly been va por¬ 
ized at all, and so only a very small portion of such al^ls 
enters the cylinder. i 
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We have other conditions of poor distribution, less un¬ 
favorable than the 53 per cent applicable to curve E. 

We have here a curve marked F, representing con- 

90 ditions prevailing when 87 per cent of the fuel is 
vaporized. It will be noted here that curve F has 

an entirelv different shape from curve E. 

The different lead allads have quite different effective¬ 
ness under these conditions from the effectiveness which 
they have under either conditions that are perfect as illus¬ 
trated by curve D or the 53 per cent vaporization as illus¬ 
trated by curve E. Here lead tetramethyl is down some¬ 
what with respect to trimethyl ethyl. Dimethyl diethyl, 
illustrated by point 3, is about on a par with trimethyl 
ethyl. As we proceed toward the less volatile alkyls, their 

effectiveness tends to fall off slowlv. 

%■ 

Lastly, I made determinations of the behavior of the lead 
alkyls under a wide range of conditions, in between 53 and 
87 per cent vaporization, and in between 87 per cent vapori¬ 
zation and 100 per cent vaporization. I did not include 
those in this drawing, because they would tend to confuse 
the illustration of the principle employed. 

By Mr. Wiegand: 

Q. Now, did you or did somebody under your direction 
make actual tests of these individual lead alkyls to get the 
data for this (imrve sheet that you have been testifying 
about? A. Yes, sir. 

Q. What test apparatus or test method did you use in 
that connection ? Is it anything that we have here that you 
talked about? A. Yes. I used the single cylinder engine 
equipped with the— 

Q. That is Exhibit 5? A. The one illustrated 

91 about c. 

Q. That is right. A. I cheeked that data also by 
actual car operation to make certain that there was close 
correlation between what was detennined on the single 
cylinder engine and what could be expected in road opera¬ 
tion. 




i 
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Q. So you now had information as to the behavior of jthe 
various lead alkyls there depicted on that Fig. 4 used ir di- 
vidually under conditions of good distribution and under 
conditions of poorer distribution and then still poorer: is 
that correct? A. That is correct. 

Q. The poor or poorer distribution curves would repre¬ 
sent what you have heretofore talked about as cylinder A? 
A. That is correct. I might add to that that curve D wo^ld 
be indicative of the conditions existing in cylinder B of bur 
previous diagram, which received a normal charge. 

Q. Did that information that you got from that test data 
and which you have depicted or visualized on Fig. 4 aid 
you in any way in finding the mixture that you wanted to 
solve your problem? A. Yes, it did. In fact, those curves 
enabled me to determine the type of compounds or of lead 
alkyls which I have in a mixture to cover the wide range 
of operating conditions to be encountered in service. 

Q. And with which you were concerned? You were not 
concerned with merely part of operating conditions, but the 
entire, over-all operating conditions ? A. The entire rai^ge, 
that is correct. j 

92 Q. That enabled you to go to your further test, 
which I will inquire about in a moment, but suppose 
you lacked such direction; what have you to say about ithe 
time or the infinite permutations or combinations you 
would have had to make otherwise? A. Well, without such 
direction it would have been a problem of endless testing. 
There is an infinite number of combinations of different 
percentages of lead alkyls that might be made up. It would 
have been necessaiy to test all of those combinations, a 
program which would have extended over a period of m^ny 
years. 

Q. Before we proceed with just what you depicted tiere 
and your further test to confirm that, I think you spok(! of 
some data as to curve D having been kno’vvTi before you did 
this, but what about curves like F and E, showing values 
of individual lead alkyls under conditions of poor or podrer 
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distribution? Was that known before you did this, so far 
as you know? A. To my knowledge, curves of the type of 
E and F had not been constructed previously. 

Q. And, so far as you know, you had not seen any data 
published by anybody relating to that sort of thing, had 
you? A. No such data. 

Q. I think w’e can go back to the proposition or the state¬ 
ment you made, if I understood you correctly, that with 
this family of curves of individual properties of anti-knocks 
under these conditions of good and poor and poorer va¬ 
porization, you were able to project your thought as to the 
proper mixture to select. Would you please go on and an¬ 
swer that? A, I should like to continue reading my appli¬ 
cation. 

93 Q. Do it in any way you like. A. I believe that 
states it as well as I can. 

Q. I think that I can probably help you. You want to 
refer to the parts that have to do with your problem; is that 
it? A. I want to refer to the selection of the alkyls. I now 
start reading at the bottom of page 15: 

“I find that the best anti-knock agent is a mixture of lead 
alk>’ls which gives the highest and most nearly uniform 
increase in H. U. C. — 

I will pause for a moment to define “H. U. C. R.’’ That 
is a provision for highest useful compression ratio. 

Q. What relation does that have to knocking tendency? 
A. The higher the highest useful compression ratio, the 
better the anti-knock value. 

Q. Or the less the knocking? A. Or the less the tendency 
to knock. 

Q. All right. A. (continuing) “of an engine over the 
range of operating conditions under which it is used. I 
find that this mixture should contain in substantial quan¬ 
tity a lead alkyl which has high inherent anti-knock effec¬ 
tiveness over a wide range of engine speeds and as low a 
boiling point as possible consistent with this requirement. 
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and that the 7 carbon atom compound, lead triethyl- 
best meets these conditions.” 

That is No. 4 on our diagram. 

“I find that this mixture should also contain in substaiji- 
tial quantity a lead alkyl which has a low boilinig 

94 point, relatively high effectiveness under conditior.s 

of poor distribution and not too low inherent anti¬ 
knock effectiveness over a wide range of engine speeds, and 
that the 5 carbon atom compound, lead tri-methyl-ethy[l, 
best meets these conditions.” i 

j 

The 5 carbon atom compound is No. 2 on our chart. I 

Q. The chart Fig. 4? A. Yes, Fig. 4. j 

“The 6 carbon atom compound, “which is illustrated tjy 
point labeled 3 in Fig. 4, “has a relatively low boiling point 
and a relatively high and substantially uniform anti-knock 
effectiveness over a wide range of engine speeds and I firjd 
that this compound should be used in the mixture in su 
stantial, or even predominant, proportions.” 

Q. According to your invention, what is the primary anlii- 
knock, if I make myself clear? A. Yes. I 

Q. What did you pick as a primary anti-knock? A. I 
picked as the primary anti-knock agent a mixture of the 
three alkyls which 1 have just named: In other words, 
trimethyl ethyl— i 

Q. That is No. 2? A. No. 2 of Fig. 4; dimethyl diethy l, 
which is No. 3; and triethyl methyl, which is No. 4. 

Q. Suppose we were wholly concerned with periods df 
poor distribution. Didn’t I understand your testimony 1;o 
be that No. 1 would have the best anti-knock value und^r 
this condition of very poor distribution? A. That is cojr- 
rect. For conditions of extremely poor distribution, leajd 
tetraniethyl, illustrated by point 1 in Fig. 4, has the highest 
effectiveness. 

95 Q. Well, now, we will come back to that later, par¬ 
ticularly in some of the other questions I have to ask 

you later on. 


i 
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As I understand it, in your invention the primary in¬ 
gredient comprises the mixture of 2, 3, and 4 as identified 
on Fig. 4? A. That is correct. 

Q. After you had this information and curves here you 
said a moment ago that that enabled you to project the mix¬ 
tures that would be the best in your thought. Did you test 
and confirm your thought in that direction.' A. Yes, quite 
extensively. 

Q. Those tests confirmed what you thought or deducted 
from your information that you got from Fig. 4? A. They 
did. 

Q. And you did not test all of the possible infinite varie¬ 
ties of the combinations of those elements enumerated 
there ? I mean mixtures of them. A. No. That was not 
necessary. 

The Court. I take it that those lead alkyls are all anti¬ 
knock agents in essence, and what you have is a composi¬ 
tion of lead alk>'ls that eliminate knock under conditions 
testified to, and what you have determined to be the essence 
of the invention is the specific combination of these lead 
alk\ds of 45 per cent, 30 per cent, and 25 per cent? 

Mr. M’iegand. To answer your Honor’s question directly, 
some of the claims—indeed I think the vast majority of 
them—define that the second, third, and fourth there 
96 are the primary anti-knocks. 

The Court. The primaiy anti-knock is the 
dimethyl diethyl, in the sense that he uses that in the great¬ 
est percentage, 45 per cent; 25 per cent of trimethyl ethyl; 
and 30 per cent of triethyl methyl. 

Mr. AViegand. But, in any event, the middle three pre¬ 
dominate. There may be a little variation in there. 

The Court. He gets the ideal result, as I understand it, 
under the percentage herein stated. 

Mr. Wiegand. Did you want the witness to answer that? 

By the Court: 

Q. You get the best result by using 45 per cent of 
dimethyl diethyl, 30 per cent of triethyl methyl, and 25 per 
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cent of trimethyl ethyl? A. Yes, considering the whc^le 
range the year round. 

Q. Under driving conditions as a whole, you get the b(‘st 
results from using that composition? A. On the average, 
yes. 

By Mr. Wiegand: I 

Q. Will you refer to your specification again? I would 
like to refer you to certain places there and ask you whether 
they have any bearing or relation to the problem you w(‘re 
solving. Will you turn to the first sentence of the last para¬ 
graph of page 2, and then on page 3, where you state wl^at 
the object of the invention is, and then the top of page 4, 
where you state, “WTiere the engine may be operated with 
wide variance,” and then on page 16, where it begins, “to 
meet the widest normal range,” and also on page 17, :he 
second paragraph, second sentence, and page 18, where it 
says, “I have found that when,” and so forth? 

97 As you take those up you might just indicate in 
each instance where and in what place you are re ad- 
ing, and what relation it has, if any, with respect to the 
problem you were solving and did solve, according to yepur 
testimony. A. Considering first page 2, the last paragraph, 
the first sentence: 

“It is commonly known that knocking in automobile en¬ 
gines may occur at either high speed or low speed and that 
a given engine may knock at both high and low speeds, j’ 

j 

Q. Did you want to explain that, if you have not already? 

The Court. I think that is common knowledge. 

Mr. Wiegand. I think that has been pretty well cleared 
up. 

j 

By Mr. Wiegand: j 

Q. Did you want to go on any more there on that page 
or page 3 ? A. I think I shall go to page 3. 

Q. All right. A. To the third paragraph, which I shall 
read: 
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‘‘The objects of the present invention are to so direct 
this correlation that improved performance may be ob¬ 
tained.” 

1 think I had better read the parairraph preceding that. 

Q. Supi)ose you do that, if it is necessary or desirable 
to get the meaning. A. “The characteristics of engines, 
base fuels and admixed anti-knock compounds are inter¬ 
dependent in the determination of the occurrence and 
98 severity of knocking. I have found that the different 
lead alkyl anti-knock compounds have certain differ¬ 
ent properties which, as related to certain properties of 
base fuels and features of engine design, form a broad 
background for imi)roving engine operation. I have also 
found that these fundamental characteristics may be cor¬ 
related to imjirove engine performance. 

“The objects of the present invention are to so direct this 
correlation that improved performance may be obtained 
under the varied conditions of operation of low duty and 
high duty inteirnal combustion engines. By high duty en¬ 
gines I mean engines capable of operating at high volu¬ 
metric efficiency over a wide range of rotative speeds.” 

I do not know whether much explanation of that quota¬ 
tion is re<iuired or not. It simply means that there is a 
Ijroad problem to be met. 

Q. Then refer to the top of page 4 and see if you find 
anything there that has any bearing on this problem that 
you were solving. A. T should like to read the sentence 
in the first paragraph, starting: 

“Where the engine may be operated with wide variance 
in some or all of these conditions the anti-knock mixture 

niav be chosen in accordance with niv invention so as to 

• • 

give a high average engine performance throughout.” 

Q. Now, on page 16, a little below the middle. I think 
the sentence starts, “To meet the widest,” and so forth. I 
think that is what the Court referred to a while ago, 
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99 is it not? I did not have it before me then, lion 

might put it in the record. It is not very long. A. 
About two-thirds of the way down in the first paragraph: 

“To meet the widest normal range of operating conldi- 
tions my preferred mixture consists, on a volume basis, of 
25 per cent lead tri-methyl-ethyl, 45 per cent lead di-methyl 
di-ethyl and 30 per cent lead tri-ethyl methyl.” 

By the Court: 

Q. Continuing further, what is meant with reference to 
so-called halides? 

By Mr. Wiegand: 

Q. "Will you please explain that to the Court? A. The 
organic halides, specifically of bromine and chlorine, £i.re 
used at the present time with lead tetraethyl in order [to 
have the products of combustion of the lead, as lead bromide 
and lead chloride— 

By the Court? 

Q. Those are salts? A. Yes, they are organic salts. In 
the reaction they combine with the lead to form the lead 
halides—that is, lead bromide and lead chloride—which a re 
vapors and as such are exhausted from the engine. If t|he 
halides were not used, the lead would burn to lead oxide, 
which is a solid, and would remain in the engine and caiise 
trouble. 

By Mr. Wiegand: 


Q. I think the next one is on page 17, second paragraph, 
second sentence. A. Page 17, second paragra})h, 
100 second sentence: 

“The proportions of the methyl-ethyl lead alkyls, and of 
the tetra-methyl and tetra-ethyl compounds if the latter ajre 
used, may be varied to meet different ranges of climapc 
conditions, operating conditions and engine design.” 

Previously I stated my preferred mixture which I had 
found to be best to meet the average conditions existing 
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throughout the year, considering all types of engine opera¬ 
tion. 

However, if it -were known that a given engine operation 
would deviate from that average, as, for example, toward 
lower speed driving or driving under cold weather condi¬ 
tions, the mixture could be varied to give a better result 
under those specific conditions. 

Likewise, if it were known in advance that great emphasis 
were to be given to high speed operation or operation under 
conditions of good distribution, the mixture could be varied 
in the directin to give more emphasis and consequently bet¬ 
ter results under those conditions. 

Q. Now, I think the last reference is on page 18, in the 
paragraph in the middle, beginning with, “I have found.” 
T think, in view of your previous discussion of cylinders A, 
B, and C, you can first quote that and then, as briefly as you 
can, exi)lain what that means, as a sort of summary. A. 
Reading from the application: 

‘‘I have found that when using the mixture or mixtures 
described above, under the conditions of imperfect fuel dis¬ 
tribution described with reference to cylinders A, B and C, 
that the knocking of the cylinder A is reduced to 
101 a minimum consistent with good engine performance 
over the entire range of operating conditions.” 

Q. Now, if you solved the condition of knocking during 
poor distribution, would not that solution take care of the 
entire problem that you were seeking to solve? A. No, 
not at all. 

Q. Why not? A. I think I could best explain that by 
saying— 

Q. You are now looking at the chart Fig. 4? A. Yes. 
Looking at Fig. 4, if the only problem to be solved were 
one where poor distribution exists, one would be led to the 
use of lead tetramethyl and nothing else, because, as shown 
by curve E, point 1, under such conditions lead tetra¬ 
methyl has the highest effectiveness. 

Q. That is, for the poor distribution conditions you 
would pick lead tetramethyl? A. That is right. 
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However, under conditions of good distribution, lead 
tetramethyl would be very poor, as will be noted by refer¬ 
ence to point 1 on curve D, which represents the 100 per 
cent vaporization condition. Lead tetramethyl is woi|se 
than anv of the others under that condition. 

If we should solve the quite poor distribution ])roblein 
without any reference to other conditions of operation, \ve 
should have very poor operation under the other condi¬ 
tions. I 

Q. I think in your application you say—I won’t st^p 
now to find the page and line; perhaps your recollectijon 
will serve vou—where vou use tetramethvl at all vou sjiid 
that you would never go over 15 i)er cent. Do you 
102 recall that being in your application? A. Yes. If 
tetramethyl is present at all in my mixtures, it 
should be present in very small amount. 


I 


rt;he 

res 


Q. Notwithstanding that it would be the best curative or 
remedy, if I may put it that way, if you were merely ebn- 
cerned with non-uniform or poor distributioii eonditiotis: 
is that correct? A. That is correct. 

By the Court: j 

Q. I understand it, then, that no matter what the distri¬ 
bution situation is, with respect to the average car tjiat 
drives into the filling station, if he uses this comi)osit^on, 
the base being 2, 3, and 4—that is, the dimethyl diethyl, 
trimethyl ethyl, and the triethyl methyl, in the percenta 
that you have stated—you would come pretty closej to 
solving the knocking situation? A. That is correct, o^er 
the whole range to be encountered. 

By Mr. Wiegand: 

Q. Having in mind also, if I may put it in a way thsit a 
little darkey did once—he wanted to get the mostest for the 
leastest—if you were permitted to have enough of any bae 
of these, you w’ould get rid of your knocking. | 

The next question may take a rather long answer. Dfoes 
your Honor want to proceed? 

The Court. I think so. 
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By Mr. Wiegand: 

Q. I think yOu testified this morning, or a while ago, 
about your thought about knocking in multi-cylinder 

103 engines, and you were talking about this electro- 
magnetici device, and then your single cylinder test 

and method of i using the gooseneck that had the four fig¬ 
ures, a, b, c, and d, and then you had dra'wm certain con¬ 
clusions and deductions from that before you proceeded 
with this Fig. 4 investigation. 

Up to the time that you reached Fig. 4, and you had 
made all these analyses and projected your thoughts and 
confirmed them! as to what was causing the difficultv, did 
you publish results of them and show any of these things 
to your associates interested in such things? A. Yes. At 
the annual meeting of the Society of Automotive Engineers 
in Detroit in January, 1938, I read a paper entitled, “Car- 
buretion, Manifolding, and Fuel Anti-Knock Value,” which 
had been written jointlv bv two of mv associates and my¬ 
self. 

In this paper I stated the principles which I have pre¬ 
viously described with respect to distribution of fuel with¬ 
in the engine gnd the resultant effect on the separate 
cvlinder knocking tendencv. 

The Court. This is being offered for what purpose? 

Mr. 'Wiegand. If your Honor please, the purpose is this, 
if you do not mind my testifying in advance of the wit¬ 
ness. 

The Court: I am merely asking the purpose. 

Mr. 'VViegand, I want to show that as late as the date 
when he published these conceptions of his about the cy¬ 
linders getting different kinds of gasoline, you will see 
that ^Ir. Blacldvood said, in polite language, “I do not 
agree with you,” if you will turn over to the back of the 
publication. He still persisted in things people 

104 believed away back when he did that work. 

The Court. I thought you were going to introduce 
this to cast some reflection on the interference proceeding. 
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Mr. Wiegand. No. We are not concerned in proving our 
date of invention. 

The Court. That is what I wanted to make sure of. 

Mr. Wiegand. As a matter of fact, I do not know whether 
that man is in interference or not. I do not know whether 
he got an application or not. i 

Mr. Reporter, will you read the last answer of the wit¬ 
ness? 

(The last answer was read by the reporter, as recorded 
above.) 

By Mr. Wiegand: 

Q. Will you continue from that point on? A. However, 
I made no mention of the lead alkyls in this particular 
paper. 

Q. That is, you just described there your sampling ap¬ 
paratus and the new single cylinder method of testing and 
your conclusions with respect to fuel and distribution, with¬ 
out mentioning alkyls? A. Yes. 

Q. Was that accepted by your associates there or v^as 
there anyone who dissented from your views? 

The Court. How material is that? 

Mr. Wiegand. I wanted to explain just what it means. 
It is engineers’ language. 

The Court. He can if he wants to, but it is not helpful to 
me. I do not think it is. As I understand it, what he 
105 is testifying to now is that he had this theory in 
mind and that he wrote a paper setting forth jhis 
theory, and there was some discussion about it, but he iid 
go further and go into the business of the composition of 
the matter that eventually led to a resolution of the prob¬ 
lem. 

Mr. Wiegand. What I wanted to bring out in a further 
question beyond the one that I have put so far is this: that 
if he had continued with what the Standard Oil man was 
saving then, he would not have brought about this solution. 

The Court. There would not have been any solution. 
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Mr. 'Wiegand. If he had persisted in that thought process, 
he could never have made the invention we have here. 

The Court. That is what I understand. In other words, 
he was the voice of one crying in the wilderness. They did 
not agree with him. The Standard Oil man did not agree 
with him. It was a revolutionary idea. 

Mr. Wiegand. That is entirely satisfactory. 

The Court. That is the way I have it. 

Bv the Court: 

Q. Is that correct ? A. That is correct. 

The Court. Then he proceeded with his experimentation. 

Mr. Wiegand. Do you have any objection to my offering 
it? It is not offered for the purpose of proving the date 
of his invention. 

Mr. Cochran. I do not see what materiality it has. 

Tlie Court. It is merely, as I understand, supplementary 
to what the witness has already stated: that he had dif¬ 
ferent theories that were entirely radical in the in- 
106 dustiy' ivith respect to what was causing the dif¬ 
ficulty. As I understand it, it was a question of lean 
mixture and rich mixture. He read his paper and per¬ 
formed some experiments antecedent to that, and then he 
went ahead on the basis of the theory that he had, and the 
result is what is alleged now to be invention involving the 
composition of the mixtures. 

Mr. Cochran. I do not object to it. 

Mr. Wiegand. !May it go in, just for the sake of the 
record ? 

The Court. I will be very glad to have it. 

(Publication entitled, “Carburetion, Manifolding, and 
Fuel Anti-Knock Value,” was received in evidence and was 
marked Plaintiff’s Exhibit 7.) 

The Court. Let us adjourn until tomorrow morning at 
10 o’clock. 
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(Thereupon, at 3:30 o’clock p. m., an adjournniem; was 
taken until tomorrow, Tuesday, May 12, 1942, Jit 10 
o’clock a. m.) i 

110 Earl Bartholomew, the witness under exaijaina- 
tion at the time of adjournment on yesterday]", re¬ 
sumed the witness stand and testified further as follo'^s: 

Direct Examination—Kesumed 1 

By Mr. Wiegand: 

Q. Mr. Bartholomew, I notice that the Examiner i^ his 
Statement, paper No. 14 in your application file, and speci¬ 
fically at page 3 of it, said: 

“The invention disclosed is concerned with improvement 
of motor fuels such as gasoline with respect to its tendency 
to knock in multicvlinder internal combustion enginels bv 
addition of lead alkyls as anti-knock dope. Applicant pro¬ 
poses use of certain mixtures of lead alkyls as anti-kncjck.” 

Dropping down a jiaragraph, he said also: | 

I 

“Applicant’s mixture is one of adjusted volatility! and 

anti-knock effect thru use of mixtures of lead methvl and 

» 

ethyl derivatives such as lead tetraethyl, lead tetram(‘thyl 
and intermediate alkyls, lead tri-ethyl-methyl, di-ethyl di¬ 
methyl and tri-methyl-ethyl.” 

Now, is that an adequate description of your invenl[ion? 
A. No. My invention was directed toward imjjrov- 

111 ing engine operation throughout the range of con¬ 
ditions encountered in service, and not merely 

toward improving operation during conditions of imperfect 
fuel distribution. I 

i 

By the Court: j 

Q. What do you mean by “improving engine opersition 
throughout”? A. As I stated yesterday, there is foij the 
average engine a much greater period during which! dis¬ 


tribution is good than there is a period during which 


dis- 
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tribution is poor. It is essential to have satisfactory op¬ 
eration not only under conditions where poor distribution 
of the fuel obtains but also under conditions where good 
distribution characterizes the operation. 

Q. 'Well, is not good distribution of fuel something that 
is purely mechanical? A. Well, good distribution of the 
fuel depends on a number of factors of engine operation— 
the speed, the temperature- 

Q. Would it not depend primarily, in essence, first of all, 
on the engine itself and on the structure of the engine? In 
other words, if you had an engine that was not in good 
physical shape, so to speak, the fuel would be acting under 
a poor medium—that is, it would be operating in a poor 
operating medium? A. That is true. The efficiency of dis¬ 
tribution which will occur under any given set of condi¬ 
tions does depend on the design of the engine. It would 
be possible to design an engine for low-speed operation 
onlv which could be made to give verv good distri- 

* V_ ♦ 

112 bution at low speed, if there were no desire to have 
operation at high speed. 

Bv Mr. Wiegand: 

Q. Will you please turn to page 3 of your application? 
Down at the last i)aragraph on that page it begins with this 
sentence: 

have found that mixtures of the three methyl-ethyl 
lead derivatives may be used, with or without other lead 
alkyls, with the various types of gasoline marketed to ob¬ 
tain better results in variable-speed, low duty and high 
duty engines than are obtainable under a wide range of op¬ 
erating conditions with any single lead alkyl.” 

Just what did you mean by that? Did it have anything 
to do with economy ? A. In the last analysis, it is a problem 
of economy. Lead is the active or basic ingredient in all 
of the lead alkyl anti-knocks. With a mixture of the three 
lead alkyls just named, I can get for a given use of lead 
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I 

I 

a better result with the mixture than I can obtain withj any 
single lead alkyl containing the same amount of lead. I 

Therefore, for a dollar it is possible to purchase piore 
anti-knock value in the form of the mixture than in| the 
form of any single one of the lead alkv’ls. Or, to put jt in 
another way, if a limit of three c.c. per gallon is imposed, 
it is possible to accomplish with a mixture, properly chosen 
of the three named lead alkyls a better effect than can be 
obtained by the use of any one of them or any one ;.ead 
alkyl. 

Q. Now, turning back to the Examiner’s Statement again 
that we started to look at this morning—let us look 
113 at page 3 of the Examiner’s Statement, which is page 
66, as marked down in the right-hand corner of |Ex- 
hibit 1—and there the Examiner was saying, at the bottom 
of the page: 

“In ordinary carburetion of an air-fuel mixture compris¬ 
ing a mixture of air, fuel vapor and unvaporized susfien- 
sion therein of liquid fuel particles, inertia effects upon jthe 
suspended particles of variable distances the mixture trav¬ 
els to the several cylinders, variable speeds of operation 
as rapid acceleration, starting, stopping as well as t(jm- 
perature variation, will give variation in the fuel-air change 
actually received by individual cylinders. This variation 
results in different knocking tendencies of the several <^vl- 
inders.” 

I 

Can you find that on page 3 ? Do you have a copy the^e ? 
A. I do not have a copy of the Examiner’s Statement, l)ut 
I heard it. 

Q. Will you look at this (handing a document to the 
witness) ? A. All right. 

Q. Is that statement correct? A. Yes, it is. 

Q. Now, the Examiner’s Statement proceeds in the n^xt 
succeeding paragraph: 

1 

“By using a mixture of lead alkyls of variable volatility 
and anti-knock value to be added to the fuel, applicant c<|)n- 
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tends that this condition is improved due at least in part 
to better distribution of anti-knock under such variable 
conditions.” 

114 With vour mixture as described and claimed in 
your application, do you increase the variation in sep¬ 
arate cylinder knocking tendency or do you decrease it? 
A. I increase it. 

Q. So you do exactly the opposite of what the Examiner 
said you do in this instance? A. Tliat is right. 

Q. If one wanted merely to decrease the variation in sep¬ 
arate cylinder knocking tendency would he use your inven¬ 
tion? A. No. 

Q. Is there any one of the five alkyls we have been talk¬ 
ing about or aiiv mixture of them that will decrease the 
variation in separate cylinder knocking tendency. A. Un¬ 
der a limited range of poor distribution—that is, a range 
where distribution is onlv slightlv bad—the use of lead 
tetramethyl alone would result in a slight decrease in the 
variation of knocking tendencv among the different cvlin- 
ders. Under the same conditions the use of lead trimethvl 
ethyl would leave the variation in separate cylinder knock¬ 
ing tendencv substantiallv the same. 

Q. That is, it would neither decrease nor increase it? 
A. That is right. The use of any other of the five named 
lead alkyls would result in an increase in the variation in 
separate cylinder knocking tendency. 

Q. Now, I may have asked this yesterday, but just for 
the sake of being sure: Under conditions of perfect dis¬ 
tribution, all of the cylinders have the same tendency to 
knock; is that correct? A. Other conditions remaining 
the same. 

115 Q. Now, I call your attention to the top of page 3 
of the Examiner’s Statement, where the Examiner 

started, “The proposed claim under rule 96 is copied:” and 
then he quotes a claim. Do you have that before you? A. 
yes. 
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Q. You have read that now, have you, and you have read 
it before, of course? A. Yes. 

Q. On page 4 of the Examiner’s Statement the Exam¬ 
iner said, at about the second full paragraph on that page: 

“As the examiner understood the invention, a claiiln as 
copied above was formulated to express the same and [pro¬ 
posed under rule 96 to applicant and other parties.”! 

Then he states further in regard to that same claim, d)rop- 
ping down to the next paragraph: ! 


“Applicant argues that the proposed claim is inofiera- 
tive and he has no basis therefor, at least in the functi,onal 
clause, 

“ ‘whereby variation in separate cylinder knocking ten¬ 
dency is eliminated-. ’ ” i 

I 

Did the claim formulated by the Examiner express Vour 
invention. A. No, it did not. 1 

Q. The Examiner refers to that limitation, “whereby 
variation in separate cylinder knocking tendency is Elim¬ 
inated.” j 

Do you say anything in your application concerning} the 
elimination of variation in separate cylinder knocking ten¬ 
dency ? 

I refer you to page 12, so that we may sho|rten 
116 things here. On page 12 there is something about 
the ideal solution. Can you get that ? A. Yes, in the 


second paragraph. 

Q. What did you say there? Just read it into the record 
quickly. A. “The ideal solution of this problem would be 
to distribute the anti-knock agent in accordance with the 


needs of each cylinder but this is impractical.” 

Q. If you have not already explained, why is it imprac¬ 
tical? A. That would require some type of mechanisrti to 
anticipate the anti-knock requirements of each cylinder* be¬ 
fore the need actually arose and to furnish to each cylinder 
immediately the requisite amount of anti-knock value to 
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take care of the requirements of each cylinder and no more. 

Q. Does your application disclose any such apparatus? 
A. No. 

Q. Now, do you say anything else in your application— 
and I will again call your attention to that same page 12— 
as to elimination of the variation in separate cylinder 
knocking tendency ? A. 1 said in the next sentence: ‘ ‘ The 
next most desirable result would be obtained by using a 
lead alkyl so volatile that at all times it would be in the 
vapor portion of the fuel charge and so be equally dis¬ 
tributed among the cylinders. Such a lead alkyl does not 
exist. ’ ’ 

Q. AYhich, if any, of the five lead alkyls we have been 
focusing our attention on most nearly apjjroaches the theo¬ 
retical highly volatile lead alkyl which you there men- 
117 mentioned? A. Lead tetramethyl. 

Q. If you used lead tetramethyl under the condi¬ 
tions that cause variation in separate cylinder knocking 
tendency, would its use eliminate that variation? A. No, it 
would not. Under some conditions it would leave the varia¬ 
tion in separate cylinder knocking tendency substantially 
unaltered; and, as I stated a while ago, under other condi¬ 
tions it would result in a slight decrease of variation in 
separate cylinder knocking tendency. 

Q. But suppose you used any one of the four other lead 
alkyls you have been discussing cither alone or in combina¬ 
tion of one, two, three, or all four of them. Would you 
reduce the variation in separate cylinder knocking tendency 
when conditions were such that there was such variation? 
A. Well, trimethyl ethyl- 

Q. Do you mean alone? A. Alone, yes. 

(Continuing)—under a limited range of operation ^vith 
poor distribution would leave the variation unchanged. As 
I previously indicated, any one of the remaining three of 
the five would increase the variation in separate cylinder 
knocking tendency. 


\ 
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All of the mixtures which I described in my application 
increase the variation in separate cylinder knocking jten- 
dency. j 

Q. That is, to summarize, as I understand your testi¬ 
mony, when your invention as described and claimed bylyou 
is employed, you not only do not eliminate the variatiojn of 
separate cylinder knocking tendency but you do not (^ven 
reduce it? On the other hand, you increase it? Is 
118 that correct? A. That is correct. 

Q. Is there any further reference in your specifi¬ 
cation to the variation of separate cylinder knocking ten¬ 
dency? Here I will call your attention, to shorten the pro¬ 
ceedings, to page 4. 

Will you look at page 4 of your application? Will you 
read that brief descri])tion of Fig. 3 that you find there, |and 
I ^vill get the Fig. 3 chart out? Would you mind reaching 
into the record what you find there? A. “Figure 3 Is a 
chart showing, for conditions of imperfect fuel distribu¬ 
tion, the variation in knocking tendency of these three cyl¬ 
inders of a multi-cylinder engine as the carburetor kir- 
fuel ratio and per cent of fuel vaporization are varied, j’ 

Q. Will you please explain that chart, so that the Court 
may understand what it is all about? A. Figure 3 is a 
chart having for its vertical scale the highest useful com¬ 
pression ratio, or relative freedom from knocking ten¬ 
dency; and for its horizontal scale the percentage of fuel 
leaving the manifold in the vapor state. 

Curves A, B, and C apply to cylinders A, B, and C which 
we discussed yesterday. In other words, curve A gives djata 
for conditions of cylinder A, which, as we recall, was the 
lean cylinder receiving substantially only air and vapor¬ 
ized fuel. 

Curve B is applicable to cylinder B, which received air, 
vaporized fuel, and a normal amount of liquid fuel; where¬ 
as curve C applies to cylinder C, which received air, vapbr- 
ized fuel, a normal charge of liquid fuel, and in addition the 
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liquid fuel which under conditions of perfect vapor- 

119 ization would have entered cylinder A. 

It will be noted that curves A, B, and C were con¬ 
structed using fuel containing no lead. It will be noted that 
when vaporization is imperfect there is a spread or a vari¬ 
ation in the relative knocking tendency of the three cylin¬ 
ders. Cylinder A has the greatest tendency to knock, as 
indicated by its lowest H.U.C.R. Cylinder B has less ten¬ 
dency to knock, and cylinder C has the least tendency to 
knock. 

To the same fuel was added lead in such proportions that 
the fuel in each cylinder, regardless of the amount of fuel 
in each cylinder, contained the same quantity of lead per 
gallon of fuel in that cylinder. 

It will be noted that the addition of such quantity of lead 
had practically no etfect on the variation in separate cylin¬ 
der knocking tendency. Cylinder A now becomes A-prime. 
Cylinder B and cylinder C still have variation in separate 
cylinder knocking tendency, as they did before. 

However, the conditions in all evlinders have been verv 
greatly improved. Cylinder A, which had a very high 
knocking tendency relatively, without lead, has now moved 
up to a very much higher position, although the variation 
in separate cylinder knocking tendency remains. 

It should perhaps be explained here that these curves 
were constructed, as I indicated- 

Q. “^VTiat do you mean by “these curves”? The record 
won’t show that when you say “these curves.” A. I am 
sorry. It should be explained that curves A-prime. B-prime, 
and C-prime were determined with fuels containing 3.15 
grams of lead per gallon of fuel in each cylinder. 

120 Q. In each instance? A. In each instance. That 
represents a better distribution of anti-knock mate¬ 
rial than I could obtain with any one of the mixtures which 
I have mentioned in my application. So, therefore, the use 
of any one of the mixtures which I have described would 
cause curves A-prime, B-prime, and C-prime to be sepa¬ 
rated further than they are in Figure 3. 
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Q. Let me interrupt for a moment. On page 12 oi your 
application you say: j 

“The addition of the lead to the fuel changes neith(^r the 
general shapes of the curves for the three cylinders nor the 
positions of the curves with respect to each other.” 

Will you include that in your explanation as ydu go 
along? A. Well, I think that is substantially what I have 
just indicated. I 

Q. I thought that was, but I wanted to be sure. A. Yes. 
Curves A-prime, B-prime, and C-prime have the same rela¬ 
tive position that they did previously and substantially the 
same position with respect to each other. 

Q. Have you mentioned, just to be sure, how those cjirves 
would look if you eliminated the variation in separat^ cyl¬ 
inder knocking tendency? A. If the variation in thej sep¬ 
arate cylinder knocking tendency were eliminated, cijirves 
A-prime, B-prime, and C-prime, would coincide on the 
curve for B-prime, which, as we recall, rej)resents condi¬ 
tions existing in the normal cylinder. A-prime and C-prime 
would both move over into coincidation with B-p:’ime. 
121 Q. Just to make sure your explanation ha s in¬ 
cluded this point—if it has, please say so; if ii has 
not, please add what you want to—you have stated that 
your mixture increases the variation in separate cylinder 
knocking tendency. Now, as to this Figure 3 of yonij’ ap¬ 
plication, you have stated that the addition of lead does not 
change the position of the curves with respect to each ojther. 
Have you already explained what apparent inconsistency 
there might be there? If not, will you please do so?| A. 
Yes. I explained that when I indicated that curves A- 
prime, B-prime, and C-prime were determined under [con¬ 
ditions where there was a constant concentration of le^d— 

Q. That is, you were feeding 3.15 grams to each cylihder 
in each instance, whereas in actual engine operation vrhen 
variation does occur they would not be getting the same 
amount of grams of lead; is that correct? A. That is 
correct. 
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Mr. AViegand. May I have the record show that the 
Figure 3 cliart to which the witness has been referring is 
an enlarged photostat of Figure 3 of his application? 

i 

By Mr. AViegand: 

Q. Let us turn to page 5 of the Examiner’s Statement, 
and that happens to be at page 68 of Plaintiff’s Exhibit 1, 
in the lower right-hand corner. The Examiner says: 

“However, applicant discloses the same composition as 
defined in the proposed claim and uses it in the same way.” 

Then, later down on the same page, he says, next to the 
last full paragraph: 

“Thus it is noted that irrespective of the final 
122 functional ‘whereby’ clause, the claim does define the 
motor' fuel composition disclosed by applicant and 
therefore defines all that is material in applicant’s inven¬ 
tion.” 

AA^hat have you to say about those two statements? Con¬ 
sider first the first statement and then the second, and then 
both. A. AA’ell, considering the first statement, “However, 
applicant discloses the same composition as defined in the 
proposed claim and uses it in the same way,” I assume 
it is meant here that the “whereby” clause is a part of the 
claim. 

Q. The first one is, “However, applicant discloses the 
same composition as defined in the proposed claim,” and 
in the second one, he says, as I understand it, “Let us for¬ 
get the ‘whereby’ clause.” 

The first one I want you to deal with as the Examiner put 
it, including the “whereby” clause as though it vrere in the 
claim as it is there, A. As I have said before, my object 
was to obtain the highest and most nearly uniform result 
over the wide range of operating conditions to be met in 
service, and that in doing so I have not eliminated the 
variation in separate cylinder knocking tendency. As a 
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matter of fact, I have increased it. So I do not believe 
that the Examiner’s suggested claim containing the “wl|ere- 
by” clause describes my invention at all. j 

Considering the second statement, “Thus it is noted ^hat 
irrespective of the final functional ‘whereby’ clause,! the 
claim does define the motor fuel composition discloseci by 
applicant and therefore defines all that is material 
123 in applicant’s invention,” the claim without!the 
“whereby” clause merely names the 5 lead alkyls— 
lead tetramethyl, lead tetraethyl, and the three intermedEate 
ones—without giving any direction with respect to t^ieir 
use. I 

With such alkyls one would be free to make practically 
an infinite number of combinations of different perefen- 
tages, 90 percent of which would be worse than bad tetra¬ 
ethyl. Only 10 per cent, or perhaps even less, would| be 
better than lead tetraethyl. j 

Q. If unguided, it would take an infinite number of shots, 
unless you were exceedingly lucky, to find the 10 per ceni of 
wheat out of the 90 per cent of chaff. Is that what you ^re 
trying to say? A. Yes. The chances would be about 10 to 1 
against getting a combination, simply by random choice, 
which would be better than lead tetraethyl alone. ! 

Q. And the lead tetraethyl, of course, we recall from 
yesterday, was the product that was on the market bef<j)re 
you made your invention; is that correct? A. That is right. 

Q. As I understand the testimony you have just been 
giving, speaking of that suggested claim, with or •v\dthout 
the “whereby” clause the suggested claim does not de^ne 
the motor fuel composition disclosed and claimed by y^u, 
does it? A. It does not. ! 

Q. Now, I call your attention to some additional state¬ 
ments by the Examiner in the Examiner’s Statement, papier 
No. 14, at the bottom of page 5 and the top of page 6. Your 
Honor, that is at page 68 of Exhibit 1. There the Exain- 
iner said: 
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124 “But considering applicant’s argument more spe¬ 
cifically that the claim is inoperative because it is 

not possible to ‘eliminate the separate cylinder knocking 
tendency’, it can only be pointed out that the dope com¬ 
prising the mixed lead alkyls of different volatilities is an 
adjustment in this direction.” 

Then the Examiner says also, down below the middle of 
the page: 

“Applicant’s specification is a scientific treatise on the 
separate cylinder knocking tendency due to poor fuel dis¬ 
tribution.” 

He goes on to say: 

“This is the problem applicant solves and he does this by 
the use of a mixture of lead alkyls superior to solve this 
problem, because the separate cylinders get the anti-knock 
dope when they need it, notwithstanding none of the dope 
would be as good as lead tetraethyl per se in a perfect fuel 
distribution system.” 

Then he says: 

“Thus the mixture of alkyls is most important to elim¬ 
inate the separate cylinder knocking tendency, which varies 
wfith different operating conditions, while incidentally rais¬ 
ing the anti-knock value of the fuel overall.” 

What have you to say about those four statements? A. 
Well, referring first to the statement at the bottom of 
page 5 : 

125 “But considering applicant’s argument more spe¬ 
cifically that the claim is inoperative because it is 

not possible to ‘eliminate the separate cylinder knocking 
tendency’, it can only be pointed out that the dope com¬ 
prising the mixed lead alkyls of different volatilities is an 
adjustment in this direction,” 
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In the case of the mixtures which I have described th4re is 
not an adjustment in this direction. As I just pointed out, 
the use of any of my mixtures increases the variaticjm in 
separate cylinder knocking tendency. j 

As to the Examiner’s Statement, “Applicant’s specifica¬ 
tion is a scientific treatise on the separate cylinder knock¬ 
ing tendency due to poor fuel distribution,’’ it is true!that 
the application does go in quite extensively to the treatjnent 
of the conditions arising because of poor fuel distribujtion. 
However— j 

Q. May I interrupt just a moment? Was your appllica- 
tion based on pure theory alone or was it on the resujlt of 
tests to which you have testified, as well as investigations ? 
A. It was based entirely on investigation. j 

Q. Now, if 3'ou had not finished vour answer, willlvou 
please proceed? A. At the bottom of page 6, quoting the 
Examiner’s Statement again: 

“Thus the mixture of alkyls is most important to elim¬ 
inate the separate cylinder knocking tendency, which vairies 
with different operating conditions, while incidentally Rais¬ 
ing the anti-knock value of the fuel overall.” 

126 Well, that is diametrically opposite to the function¬ 
ing of the mixtures which I describe. As I have ^aid 
before, my object was to obtain an anti-knock agent w^iich 
would give the highest and most nearly uniform result (l>ver 
the entire range of operating conditions and at the s^me 
time diminishing, insofar as possible, consistent with good 
overall operation, the knocking during conditions wljiere 
poor distribution prevails. That is exactly opposite to | the 
Examiner’s interpretation of the object. j 

Q. And as to the Examiner’s interpretation of \vhatithe 
invention is? A. Yes, that is correct. | 

Q. Now, I think that you have covered everything th^t I 
asked for except the third thing that I quoted, that i^ to 
say, on page 6 of the Examiner’s Statement, where he said, 
“This is the problem applicant solves and he does this) by 




■use/' and so forth. I need not read the rest of the sentence. 
You have it before you. 

I do not thiiik you included that in your ans'wer. Will you 
discuss that? A. I did not re-read that, although it seems 
to me that vrhat the Examiner says here is just another "way 
of stating his interpretation. The Examiner states that the 
applicant solves this problem of poor distribution. I have 
indicated that— 

Q. You have already answered? Is that what you mean? 
A. Yes, I think I have. 

Mr. Wiegand. Does your Honor have the book of patents 
that the solicitor of the Commissioner handed up? There 
are four copies. I have an extra copy. 

127 By Mr. Wiegand: 

Q. Do you have that? A. Yes, I do. 

Q. Now, referring to the Midgley Patent No. 1,573,846, 
which is in the Commissioner's answer, I ask you what kind 
of anti-knock compounds that patent refers to, and I direct 
your particular attention to the statements in that patent on 
page 2, second column, beginning at line 71, and then be¬ 
ginning at line 81. Do you have those places I mention? 
A. Yes. 

Q. I ask you what kind of anti-knock compounds that 
patent refers to. A. This patent covers alkyl and phenyl 
compounds of lead, specifically mentioning ethyl, isopropyl, 
and methyl compounds. Also, mention is made of com¬ 
pounds of selenium, tellurium, tin, arsenic, and antimony, 
and the phenyl and alkyl derivatives of those metals. 

Q. Will you turn to the Sullivan Patent No. 1,938,547? 
What in genetal is the object of that patent? A. Well, the 
object of that patent is the preparation of alkyl compounds 
of lead in the' gasoline, as opposed to their manufacture in 
concentrated form and subsequent addition to gasoline. 

Q. Look at the first paragraph and then look at page 2, 
line 81. Can you tell me what is there referred to ? A. The 
first paragraph reads: 



75 


“This invention relates to processes of preparing hydro¬ 
carbon compounds of lead and it comprises a ])rocess 
wherein a hydrocarbon, for example hexane, is dis- 

128 sociated by the action of an electric spark to liberate 
free alkyl radicals such as methyl, ethyl, propyl, or 

higher alkjd radicals, and these reaction producjts are 
caused to combine with lead whereby lead alkyl com 
are formed.’’ 

On the second page mention is made of the introduction 
into the process of methane, ethane, propane, or butane. 

Q. Is the metal referred to in that patent chiefly lead? 
A. Yes. 

Q. Take the Voorhees patent. No. 1,974,167. Wijll you 
discuss that rather briefly, not in too much detail? A. 
Well, the Voorhees patent has for its object fundamentally 
the object of the Sullivan patent. I 

Q. Refer to the bottom of column 1, page 1, of the Voor¬ 
hees patent, and also to column 2, line 90, and then oij page 
3, column 2, beginning at line 97, where Voorhees states, 

“Although I am not prepared to state the exact nature 
of the lead-hydrocarbon,” and so forth. Will you e:|:plain 
those? A. Referring to page 1, column 1, line 47 br 48, 
there is this statement—and we should bear in mind that 
the object is to produce the compounds of lead in the i gaso¬ 
line— r 

I 

“However, if desired, lead-hydrocarbon compound^ hav¬ 
ing hydrocarbon radicals of the order of ethyl and riropyl 
can be formed in the body of gasoline by dissolving there¬ 
in, prior to chlorination, suitable quantities of etjhane, 
propane, and butane, or unsaturated hydrocarbons,,” et 
cetera. 

In the second column, line 90, there is a descrip- 

129 tion of the operation of the process, in which this 
statement is made: 
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“Gasoline to be chlorinated enters the vessel by way of 
pipe 3 and provision for the introduction of ethane, 
propane, butane, or unsaturated hydrocarbons such as 
ethylene and propylene is made at pipe 4.’’ 

On page 3, line 97, column 2, there is this statement: 

“Although I am not prepared to state the exact nature 
of the lead-hydrocarbon compounds in my gasoline I be¬ 
lieve that they are more complex in chemical structure 
than the simple alkyl compounds and their hydrocarbon 
radicals contain in general at least 4 carbon atoms. They 
are probably mixtures of lead derivatives of various 
isomeric liquid hydrocarbons having from 4 to 7 carbon 
atoms.” 

Q. Now, in your application you state that you use lead 
alkvls having from 4 to 8 carbon atoms. Do vou disclose 
on your charts in your application all of the lead alkyls 
within that range? A. No. In the application I stated 
that there are other lead alkyls in that range, but that in¬ 
asmuch as they are not as effective as the lead alkyls in the 
ethyl-methyl series, they are omitted from the charts for 
reasons of simplicity. 

Q. Now, take the Shappirio patent. No. 2,012,356. Can 
you tell us what compounds that patent is dealing with, 
and, to help you, look at page 1, column 2, in lines 47 to 49, 
and page 2, column 1, in the paragraph beginning on line 
49, and then on the same page, 2nd column, in the para¬ 
graph starting at line 34, and then page 4, column 2, in the 
paragraph beginning at line 13? 

130 Have you those references? A. Yes, I have. 

Q. Now, my question is. Will you tell us what com¬ 
pounds that patent is dealing with? A. It might be said, 
before the compounds are mentioned, that this patent also 
covers the manufacture of organo-metallic derivatives in 
the gasoline itself. 
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On page 1, column 2, line 9, there is this statement: 

I 

“It is desirable to have present some of the lowej: mem¬ 
bers of the paraffin series, and consequently gasolihe con¬ 
taining such lower paraffins such as ethane, propane, and 
butane are particularly desirable for treatment in this 
process. Further gasolines containing aromatics ait-e also 
highly desirable since these are readily converted iijito the 
desired metallo organic compounds • • 1 


In column 2, line 46, there is this statement: 
“Among the metals and non-metals that mav be 


intro¬ 


duced into gasoline by the processes herein set forth there 

1 J • 1 t t i • t • • ^ 


may be mentioned lead, tin, silicon, antimony, arsenic,] 
phorus, mercury, thallium, etc.” 


phos- 


On page 2, first column, the paragraph starting op line 
49, there is this statement: 

“As pointed out above, the process herein disclosed in¬ 
volves two essential steps, namely, first the treatment of 
the gasoline or analogous material to render it capable 
of being converted in part into metallo organic compounds, 
or the addition to the gasoline or analogous substance, of 
compounds that may be readily converted into! such 
131 metallic derivatives, and second the formation qf the 
metallo compounds therefrom. The metallic deriva¬ 
tives which it is desired to produce are the alkyls and hryls, 
such as lead tetra ethyl and antimony phenyl, and rejlated 
substances.” 


On the same page, second column, line 34, there is| 
statement: 


this 


“Instead of proceeding in this way, the desired an^ount 
of a halogen derivative may be introduced into the gascjline. 
For example, ethyl chloride, methyl chloride, propyl bro¬ 
mide, etc., may be added to the gasoline or analogous ma¬ 
terial in the desired proportion to yield the requisite amjpunt 
of metallo derivatives in subsequent operations.” ] 
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On page 4, second column, line 14, appears this state¬ 
ment : 

“Ordinarily as a result of this process, a complex mix¬ 
ture of organic derivatives of a stated metal, or metalloid 
is obtained, the derivatives, however, usually containing a 
number of closely related derivatives.” They at this point 
are not named. 

Q. Did anyone or all of these prior patents that you have 
just discussed teach or even suggest the combination recited 
in any of the claims in your application? A. No. 

Q. Did they teach or suggest limiting the mixture to the 
five lead alkyls you are using in your application? A. No. 

Q. Did these patents contain any guide of any 
132 kind for choosing a mixture of lead alkyls to be used? 

A. No. They are concerned entirely with the manu¬ 
facture of organo metallic compounds, in some cases lead 
compounds only, without direction as to their use. 

Q. Does that apply to Midgley as well, or did you mean 
the other three? A. 1 will exclude Midgley from that. 

Q. That is, your last statement applied to Sullivan, Voor- 
hees, and Shappirio? A. That is correct. IMidgley does 
give directions for the use of his compounds—that is, par¬ 
ticularly he gives directions with respect to the use of lead 
tetraethyl, but not the others. 

Q. Then, as I understand it, the Sullivan, Voorhees, and 
Shappirio patents are directed to some special way of man¬ 
ufacture of these compounds in the gasoline itself, as dis¬ 
tinguished from the usual way of making it separately and 
then adding it to the gasoline; is that correct? A. That is 
correct. 

Q. Did any of these patents which you have been dis¬ 
cussing disclose any recognition of the problem with which 
you were confronted and which you solved by making the 
invention which you are claiming? A. No, they make no 
mention of that problem. 
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Q. Does Midgley discuss anywhere in his patent thd use 
of two or more of the lead alk\ds at the same time 

133 as proposed tliere? A. No, he does not. 

Q. The Board of Appeals said in its decision that 
the patents "which you have been discussing are suggestive 
of tr^ung various selected mixtures of lead alkyls. Do you 
agree or disagree with that statement? A. I disagree With 
that. 

Q. Will you please state why you disagree, briefly 
do not want you to get into too long a discussion. The sjtate- 
ment of the Board of Appeals was to the effect that the 
patents which yu have just discussed are suggestive of try¬ 
ing various selected mixtures of lead alkyls. Do you dis¬ 
agree with it? A. I disagree with it. I do not know that 
any further explanation is needed. They simply do not 
make that suggestion. 

Q. The patents do not? A. No. 

Q. Let me put this question, and I think we had better 
have the chart of Figure 4 of the application again. 

With that Figure 4 before you, does any of the patents 
you have discussed give any of the information as tp the 
date represented by the curves E and F of your Figufe 4! 
A. No. 

Mr. Wiegand. That is all I have, vour Honor. 

The Court. We will suspend for ten minutes. 

(A short recess was had, after which the following oc¬ 
curred:) 

134 Cross-Examination 

Bv Mr. Cochran: 

w 

I 

Q. Mr. Bartholomew, I wish you would refer to the chart 
which is an enlargement of Figure 3 of your application 
and answer some questions concerning that. 

I understand that the curves A, B, and C represent the 
highest useful compression ratio where there is no lead 
added to the fuel. That is right? A. That is correct. 
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Q. And that along a perpendicular line the difference in 
knocking tendency, for instance, between cylinder A and 
cylinder B, would be represented by the distance between 
the two at that point ? A. That is right. 

Q. So, in any case, for a given percentage of vapor in the 
fuel, the knocking tency would be measured by the vertical 
distance between the two curves? A. The difference in 
knocking tendencv? 

Q. The difference in knocking tendency, yes. A. Yes. 

Q. 'Well, now,' if you would take an engine in which the 
compression ratio was, for instance, 6.1—that is repre¬ 
sented, I believe, on the vertical scale— A. That is right. 

Q. Then, with no lead in the fuel and with, say, about an 
80 percentage of vapor in the fuel, you would get a very 
great deal of knocking, would you not, in the A, B, and C 
cvlinders ? A. Yes. 

Q. On the other hand, if you put in some of the 
135 lead compounds, lead alkyls, as shown here, 3.15 
grams per gallon, and used that engine with the same 
compression, you would not get any knocking in any of those 
cylinders, would you 1 A. That is right; all of them would 
have the knock eliminated. 

Q. There would be no knocking in any of them anywhere 
along this range, say, dowm from 70 to 100 percentage of 
fuel vapor? A. That is correct. 

Q. The knocking and the tendency to knock would be 
eliminated, would it not? A. That is right. 

Q. Let us consider the other three curves, A prime, B 
prime, and C prime, of your Figure 3 in connection with 
the lower curves. A, B, and C. I believe you said that the 
difference in tendency to knock is measured by the distance 
between corresponding vertical points on the curves? A. 
Yes. 

Q. Let us take points on the cuiwes corresponding to about 
78 per cent of fuel in the vapor state. Is it not true that the 
distance between the point on the curve C and the point on 
the curve A is' much greater when there is no lead in it 
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than when you have put lead in it? A. There is some re¬ 
duction in the height of the line. 

Q. Is it not a very distinct and material reduction? A. 
Well, I don’t know. Yes, about 10 per cent, maybe; some¬ 
thing like that. 

Q. Is it not more like 25 per cent? A. Well, perhaps it 
is. There are about 3^/^ divisions above—3.4, say; about 
SVo. And below there are, oh, 4.1, perhaps; some- 
136 thing like that. There are perhaps 12 or 15 per emit; 
something like that. 

That represents a reduction, does it not, in the variation 
of tendency to knock when you put in the lead as compjired 
to the tendency to knock when you do not have the lead? A. 
That is right, for the conditions existing when those ]3ar- 
ticular tests were made. 

Q. Yes. Well, is not that the reverse of what you ifeaid 
in your other testimony: that you increased, by putting in 
your compound, the difference in the tendency to knock? 
A. I do, except that I did not have my compound in the 
gasoline when this particular chart was made. 

Q. This chart does not, then, prove anything about the 
matter? A. Well, yes it does, because my mixture is not 
distributed as well or in such a manner as to give the lead 
as good lead distribution among the cylinders as for this 
chart. The chart had to be drawn on some basis for ])ur- 
poses of illustration. I have constructed many other charts 
covering mixes which I have described. 

Q. This chart does not prove your point; is that it? A. 
It does not prove the point except in this manner: th^t I 
have shown what happens with the concentration of lead 
indicated there. I have indicated in the specification th^t I 
am not able to obtain such an efficient distribution of lead 
with any of my mixtures. Therefore, my mixtures are 
worse with respect to distribution and also with respect to 
the effect on variations of cylinder knocking tendency^ 

Q. If we went by this chart, it would be contrary to jjour 
testimony as to elimination of variation of cyliiider 
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137 knocking, would it not? A. Well, even that chart 
does not eliminate it. Within small limits there is 

no difference between the two. 

Q. It decreases it, does it not, anyhow, as shown here? 
A. As shown there, there is a small decrease for that par¬ 
ticular condition. 

Q. This chart, then, does not demonstrate that you have 
proceeded in the op])osite direction, does it? A. I do not 
say that it demonstrates anything except what the con¬ 
ditions thereon state—that is, except with respect to the 
conditions thereon stated. 

Q. Well, taking these sets of curves anywhere from, say, 
78 per cent fuel vapor on down to 100%, the variation 
of cylinder knocking as sliown on this chart is always less 
when your products are added than it is without the pro¬ 
ducts ; is that right ? A. Only when lead in that concentra¬ 
tion was added. In my mixture— 

Q. But this does not represent your mixture. A. That 
is right. 

Q. These upper primes, A prime, B prime, and C prime, 
do not represent what you claim in your case? A. That is 
correct. 

Q. !Mr. Bartholomew, you do not always use the same mix¬ 
ture of these lead alk\ds, do you? Is it not true that it is 
a matter of judgment, depending on the climate and the time 
of year? You do not have a definite percentage of tri¬ 
methyl-ethyl or di-methyl di-ethyl? A. Xo. As I state in 
the application, the proportions may be varied to suit the 
changes in climatic conditions or types of engine op- 

138 eration or other factors that may have a bearing on 
the requirements. 

Q. How do you determine that? By experiment? A. I 
have determined that by reference to Figure 4. 

Mr. Wiegand. What was that question? 

By Mr. Cochran; 

Q. How do you determine what proportions of the in¬ 
gredients to put in? Is it done by experiment? A. By a 
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limited amount of experimental work after reference to the 
curves D, E, and F, and similar curves, which I said yestjer- 
dav lie in between D and E but which are not shown on 
Figure 4, in the interest of simplicity. 

Q. The materials you add to the gasoline to stop the 
knocking are the same materials as those specified in tjhe 
claim as suggested to you by the Examiner ? A. They s.re 
included among those named in the claim. Sometimes I 
use onlv three, sometimes four. In some cases it may be 
five, but not invariably. 

Q. But all of those are included in the claim which wtas 
suggested to you by the Examiner? A. They are. 

Q. Your objection to making the claim was that you d|id 
not think that those materials would produce the res 
which the Examiner said they would? 

Mr. Wiegand. I do not know whether he was the one wjho 
decided to make the claim or not, but I am willing to hajve 
the answer come. That is a lawyer’s problem. 

Mr. Cochran. I wdll withdraw that question. 

Mr. Wiegand. Go ahead with it if you want it. 

The Witness. What was the question, please? 

139 The Reporter (reading): 

“Question. Your objection to making the claim 
was that you did not think that those materials would pro¬ 
duce the result which the Examiner said they would?” 

The Court. That is, the suggested claim? 

Mr. Wiegand. Yes. 

The Witness. My use of the materials does not produce 
the result outlined in the Examiner’s suggested claim. 

By Mr. Cochran: 

Q. The materials are the same, are they not? A. 
the materials used, irrespective of proportions, are tie 
same materials. That is, I may or may not use all of tho^ 
suggested by the Examiner. 



I 
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Q. Well, if anyone used the same materials in the same 
proportions, he would get the same result? No matter 
what the Examiner said, he would get the same result? A. 
The same result? 

Q. Regardless of what the Examiner thought the result 
might be or regardless of what the claim said the result 
would be, the Inaterials would be the same, and the result 
would be the same ? A. 1 take it that you mean that if the 
five materials suggested by the Examiner were used in a 
given proportion, the result from the same conditions 
would be always the same? 

Q. Yes. A. That is correct. 

Q. There ar^ many of your claims which do not state any 
proportions; is not that true? A. In all cases they give 
direction. 

Q. I should like you to refer to claim 6 of your 
140 application. 

Mr. Wiegand. ^lay I show the witness the copy in 
the bill of complaint, so that we will have no confusion 
about it? 

By ^Ir. Cochran: 

Q. Considering, for example, claim 6, that claim repre¬ 
sents : 

“A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-methyl-ethyl, lead di-methyl 
di-ethyl, and lead tri-ethyl-methyl.” 

That does not contain any directions or proportions, does 
it? 

A. In this respect: three of the five are chosen. 

Q. All those were included, however, in the claim sug¬ 
gested by the Examiner? A. They were named in the 
claim. 

Q. You on 'occasion do use the others mentioned also in 
the claim? A. Under conditions outlined in the applica¬ 
tion, but not in a wide range of proportions. For example, 
tetramethyl: I have stated that if it is to be used at all, it 
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should be used in small percentage, not exceeding 151 per 
cent. I 

I 

Q. I should like you to refer to the patents on which!you 
were examined this morning, the Sullivan, Voorhees, Shap- 
pirio, and Midgley patents. I merely want to ask you spme 
general questions on them. A. Yes. 

Q. It is true, is it not, that all of them disclose the use 
of lead alkyls in connection with gasoline ? I 
141 believe that is correct. Yes, I believe that some i|ien- 
tion of lead alkyls is made in each one. 

Q. And all in connection with the use of gasoline to piin- 
imize knocking? A. Y^es. i 

Q. Lead alkyls is a general name for the class of materials 
which includes the one you used in your claim or applica¬ 
tion? A. That is right. 

Mr. Cochran. I think that is all. 

Redirect Examination 
By Mr. Wiegand: 

Q. Will you take Figure 2 of your application—we hjave 
an enlargement of that on this chart—and explain to the 
Court how the lead alkyls are distributed? A. It will be 
recalled that cylinder A in Figure 2 received substantially 
only vaporized fuel along with the air entering cylinderl A; 
that cylinder B received vaporized fuel and air, and J^lso 
liquid fuel in the same proportions as in the mixture leav¬ 
ing the carburetor; that cylinder C received vaporized fuel, 
air, the normal amount of liquid fuel, and the liquid fuel 
w'hich under conditions of perfect distribution w’ould have 
entered cylinder A. 

Now, the distribution of the lead alkyls follows the shine 
pattern as the distribution of the fractions of the fuel. That 
is, vaporized lead alkyls is distributed substantially uni¬ 
formly to all cylinders. Unvaporized lead alkyls are dis¬ 
tributed unevenly among the cylinders. Cylinder C would re¬ 
ceive the same excess of unvaporized lead alkyd as cylinder 
C receives the excess of unvaporized heavy ends of fuel. 

• ••••••• •* 




EXHIBITS. 

157 Petition 

To the Commissioner of Patents: 

Your petitioner, Earl Bartholomew, a citizen of the 
United States and resident of Birmingham, County of Oak¬ 
land, and State of Michigan, whose post-office address is 
P. 0. Box 271, Birmingham, Michigan, prays that Letters 
Patent may be granted to him for the improvements in 

—Method and Means for Improving Engine Operation— 

set forth in the annexed specification. 

And he hereby appoints Joe W. Morrison, c/o Ethyl Gas¬ 
oline Corporation, Chrysler Building, New York City, Reg¬ 
istration No. 11,083, his attorney, with full power of asso¬ 
ciation, substitution and revocation, to prosecute this 
application, to make alterations and amendments therein, 
to sign his name to the drawings, to receive the patent, and 
to transact all business in the Patent Office connected there¬ 
with. 

EARL BARTHOLOMEW 
Specification 

To All Whom It May Concern: 

Be it known that I, Earl Bartholomew, a citizens of the 
United States' and resident of Birmingham, County of 
Oakland, and State of Michigan have invented certain new 
and useful improvements in 

—Method and Means for Improving Engine Operation— 

of which the following is a full, clear, concise and exact 
description, such as will enable others skilled in the art to 
which the invention relates to make and use the same. 

158 This invention relates to modes for improving the 
operation of internal combustion engines. When 

lead tetraethyl was first used as an anti-knock agent, auto¬ 
mobile engines were of the low duty type, i. e., the speed 
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range was relatively small, manifolds had relatively small 
passages and substantial heating of intake manifolds was 
commonly employed. Under these conditions, lead tetra¬ 
ethyl was one of the most efficient lead anti-knock com¬ 
pounds known and although other lead compounds, partic¬ 
ularly lead alkyl compounds, were generally known and 
some tried, they did not possess the commercial practica¬ 
bility of lead tetraethyl. 

It has been commonly understood that knocking in a 
given engine is the result of abnormal combustion, that its 
occurrence and severity under any given engine operating 
condition are governed chiefly, in the absence of added 
anti-knock compounds, by the chemical composition of the 
fuel, and that an improvement in conditions involving knock¬ 
ing revolves chiefly around a study of and changes in the 
base fuel. Gasolines are mixtures of hydrocarbons haying 
a wide range of boiling points and molecular structure. 
The usual commercial gasolines have low-boiling fractions 
termed “light ends’^ which have good anti-knock value |and 
higher-boiling fractions termed “heavy ends” which have 
relatively poor anti-knock value. 1 

It is commonly known that knocking in automobile en¬ 
gines may occur at either high speed or low speed and ^hat 
a given engine may knock at both high and low speeds!. I 
have found that variations in conditions of operation williin 
an engine, while other factors remain constant, havL a 
greater influence on low speed knocking than the relajtive 
anti-knock values of the different fuel fractionsj I 
159 have also found that the “heavy ends”, of lotver 
anti-knock value, usually have little influence on the 
occurrence and severity of low speed knocking. Under con¬ 
ditions of high speed knocking, the “heavy ends”, with the 
other fractions of the fuel, determine the over-all or unitary 
anti-knock value of a given fuel, but at low speed it is usu¬ 
ally the lighter fractions, having the better anti-knock value, 
which control the occurrence and severity of knocking. 

The characteristics of engines, base fuels and admixed 
anti-knock compounds are interdependent in the determijaa- 
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tion of the occurrence and severity of knocking. I have 
found that the different lead alkyl anti-knock compounds 
have certain different properties which, as related to cer¬ 
tain properties of base fuels and features of engine design, 
form a broad background for improving engine operation. 
I have also found that these fundamental characteristics 
may be correlated to improve engine performance. 

The objects of the present invention are to so direct this 
correlation that improved performance may be obtained 
under the varied conditions of operation of low duty and 
high duty internal combustion engines. By high duty en¬ 
gines I mean engines capable of operating at high volu¬ 
metric efficiency over a wide range of rotative speeds. 

I have found'that mixtures of the three methyl-ethyl lead 
derivatives may be used, with or without other lead alkyls, 
with the various types of gasoline marketed to obtain bet¬ 
ter results in variable-speed, low duty and high duty engines 
than are obtainable under a wide range of operating condi¬ 
tions with any single lead alkyl. The three mixed methyl- 
ethyl lead derivatives are lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl. The problem 
of knocking is more difficult with the high duty engine and 
this invention finds its greatest utility in that field. The 
lead alkjds chosen for the lead alkyl mixture may be varied 
as well as their relative quantities to meet different 
160 conditions such as variations in the manner in which 
the car is driven, climatic conditions, the base fuel 
vdth which the anti-knock is used and the kind and condi¬ 
tion of the engine. Where the engine may be operated with 
wide variance in some or all of these conditions the anti¬ 
knock mixture may be chosen in accordance with my inven¬ 
tion so as to give a high average engine performance 
throughout. 

In order that the invention may be more clearly under¬ 
stood, reference will now be made to the accompanying 
drawings, which illustrate engine operating conditions and 
also show the change of the anti-knock properties of the 
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various lead alkyl compounds under varying engine 
ing conditions. 

Figure 1 is a chart showing the octane number of that 
percentage of a representative coimnercial gasoline [which 
is delivered in the vapor state by the manifold to the cyl¬ 
inders ; 

Figure 2 is a diagrammatic dravdng, partly in sectipn, of 
a portion of a six-cylinder engine vdth its intake maiifold, 
carburetor and pistons. The pistons are all shown at their 
bottom dead center positions, giving equal volumes in all 
the cylinders, to permit the illustration of fuel distribution 
to three of the six cylinders at low engine speed when little 
or no heat is applied to the intake manifold; | 

Figure 3 is a chart sho\\ing, for conditions of imperfect 
fuel distribution, the variation in knocking tendency of these 
three cylinders of a multi-cylinder engine as the carburetor 
air-fuel ratio and per cent of fuel vaporization are varied; 

Figure 4 is a chart with curves showing the trend of ef¬ 
fectiveness of the load alky] anti-knock compounds, when 
added in equal concentrations of lead to a representative 
gasoline and utilized in the leanest cylinder of an engine 
operating at low speed with various percentages of fuel 
leaving the manifold in the vapor state. A similar (jjurve 
is shown which is applicable to all the c^dinders of the [same 
engine under conditions of equal distribution of fuel tp the 
cylinders. 

161 I find that a better use of anti-knock agents de¬ 
pends primarily upon how the engine distributes; and 
utilizes the gasoline-air mixtures. As gasoline enterp the 
air stream in the carburetor of an internal combustioh en¬ 
gine, the lightest or most volatile portions of the gasoline 
are vaporized and mixed with the air. The air-fuel vjapor 
mixture and the unvaporized liquid fuel enter the i 
manifold where the temperature is usually high enou 
cause the vaporization of the more volatile portions of that 
part of the fuel which enters the manifold in the liquid 
state. The heavier portions of the fuel, except under con- 
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ditions of very higli intake manifold temperatures seldom 
attained in the normal operation of automobile engines, 
remain in the liquid state until they enter the cylinders 
where they are normally completely vaporized before com¬ 
bustion starts. The percentage of the fuel vaporized in 
the manifold varies with the design of the engine, including 
the intake manifold, and with the conditions of engine op¬ 
eration. 

Superimposed on the above described factors governing 
knocking imdef conditions of constant speed operation are 
those introduced by acceleration. When the throttle is 
opened suddenly, the greater inertia of the liquid fuel causes 
it to lag behind the air-vapor mixture in passing from the 
carburetor to the cylinders, with the result that missing 
would occur during the first few revolutions except for the 
additional fuel charge provided by the carburetor accelerat¬ 
ing well or other means immediately after the throttle is 
opened. Tins additional fuel for acceleration provides ad¬ 
ditional light ends which, together with those in the con¬ 
stant speed charge, provide approximately maximum 
power mixtures in all the cylinders. 

The fuel fractions or portions which are in the vapor 
state on leaving the manifold have varjfing octane numbers, 
depending on the composition of the fuel and the percen¬ 
tage of the fuel which is vaporized. Figure 1 illustrates 
how, for a representative fuel, the octane numbers of the 
vaporized fractions or portions leaving the manifold vary 
according to the extent of vaporization in the mani- 
162 fold and carburetor. 

The term “octane number^’, as used herein, is in¬ 
tended to indicate the percent of 2.2.4 trimethyl pentane in 
a mixture of 2.2.4 trimethyl pentane and normal heptane 
which has the same knocking tendency as the fuel or fuel 
fraction in question when compared at their respective 
maximum knock air-fuel ratios at wide open throttle and 
low speed. 

In the chart of Figure 1 the abscissa shows the percentage 
of a gasoline which is vaporized. The ordinate shows the 
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octane number of the vaporized portion. That chart ishows 
that when 55% of the fuel is vaporized the octane number 
of that 55% is about 67. When 80% of the fuel is vap|)rized 
the octane number of that 80% is about 58. The addition 
of the heavier ends by vaporization to the portion already 
vaporized markedly reduces the octane number of tljie re¬ 
sulting vapor portion. It follows that the smaller tljie va¬ 
porized portion of the fuel the higher is its octane number. 
The curve of Figue 1 is representative of practically all 
gasolines now marketed. i 

In Figure 2, three cylinders of a six-cylinder enginje are 
shown diagrammatically, by way of example, to illustrate 
three different mixture conditions in the cvlinders. In this 
Figure the engine 10, has a carburetor 11, a down-draft 
manifold 12, with its horizontal header 13, intake ports 14, 
exhaust ports 15 and pistons 16. The cylinders are letjfcered 
A, B and C. The pistons are not shown in their normal 
relative positions, connected to a crank-shaft. Instead, 
all are shown in their bottom dead-center positions to illus¬ 
trate the equal capacity of the cylinders for receiving a 
charge and to illustrate the nature of the charges rec^ved 
by the cylinders when the engine is operating at vdde open 
throttle and low speed. 

Vapor-air mixtures are indicated in Figure 2 byj the 
broken cross-hatch lines, the relative concentration oi the 

^ I 

vapor being indicated by the relative heaviness of the cfoss- 
hatch lines. Unvaporized heavy ends of the gaspline 
163 are shown in the figure as drops 17, which are julti- 
mately vaporized in the cylinder by heat from rbsid- 
ual exhaust gas, metal surfaces and other sources. This 
showing is purely diagrammatic and not intended either to 
represent position or to be quantitative. 

In the operation of an automobile engine the portion of 
the fuel usually vaporized in the carburetor and manifold 
(for example 55 to 90 percent) is distributed in substantially 
equal quantities to all of the cylinders with substantially 
equal quantities of air. In the distribution of the heajvier 
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portions of the fuel, not vaporized in the carburetor or 
manifold, there are three significant conditions met in a 
multi-cvlinder engine, as follows: 

(1) One or more cylinders A may receive only light ends 
vaporized in the carburetor and manifold, and substantially 
no liquid heav^' ends. 

(2) One or more cylinders B may receive vaporized light 
ends and liquid heavy ends in such proportions that the 
composition of the fuel and ratio of weight of air to weight 
of fuel are substantially the same as for the mixture leav¬ 
ing the carburetor. 

(3) One or more cylinders C may receive vaporized light 
ends and liquid heavy ends in the same ratio as under con¬ 
ditions (2) referred to above, and, in addition, the liquid 
heavy ends which under conditions of perfect distribution 
would have entered the first mentioned cylinders A. These 
three conditions are the result of the uneven distribution 
of the heavier liquid portions of the fuel to the several 
cylinders, the distribution being influenced by the dimen¬ 
sions and shapes of the manifold, the speed of the engine, 
and other factors. The hea\w ends which enter the cylin¬ 
ders as liquid under the latter two conditions may be va¬ 
porized immediately upon contacting the heated cylinder 
and piston surfaces but in any case are usually vaporized 
before combustion is initiated. The cylinders receive sub¬ 
stantially the same quantity of air but different quantities 

and compositions of fuel. The richness of the mix- 
164 ture or the relative quantity of fuel present is indi¬ 
cated in Figure 2 bv the heaviness of the cross-hatch 
lines. Cylinder A is seen to have a large ratio of air to 
fuel, cylinder B a smaller ratio of air to fuel, and cylinder 
0 a still smaller ratio of air to fuel. Cylinder A has the 
leanest mixture and cylinder C has the richest mixture. The 
additional fuel in cylinder C, which causes this mixture to 
be the richest, consists of the heavy ends which, under con¬ 
ditions of good distribution, would have entered cylinder 
A and which S^*e see from Figure 1 have low anti-knock 
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value. Cylinder A which has the leanest mixture contains 
the part of the fuel having the best anti-knock value but, 
owing to the leanness of the mixture, the knocking tendency 
of the mixture in cylinder A is greater than that in cylinder 
B. The knocking tendency of the mixture in cylinder B, 
in turn, is greater than that in cylinder C, which has the 
richest mixture, as will be explained hereafter. These and 
intermediate conditions normally exist when low speed 
knocking occurs. I find that during conditions existing in 
the summer tune the unequal distribution of fuel des<!ribed 
above occurs at substantially constant car speeds bp to 
about 25 miles an hour. Under more adverse conditions, 
such as winter operation, less heat applied to the intake 
manifold or the use of less volatile fuel, the unequal distri¬ 
bution of fuel may persist at even higher car speedsj 

At substantially constant car speeds above approxin|iately 
35 miles an hour the velocitv of the mixture of air and fuel 
vapor in the intake manifold is usually sufficiently high to 
entrain the liquid portion of the fuel and distributej it in 
substantially equal quantities to all the cylnders. TjJnder 
this condition all the cylinders receive charges which are 
substantially the same and the charges in all the cylinders 
have the characteristics of the charge in cylinder B ip Fig¬ 
ure 2. 

Equal distribution of the fuel at low speed also c^ccurs 
if the intake manifold temperature is sufficiently high 
165 to vaporize all the fuel. This condition may occa¬ 
sionally exist during hot weather operation. After 
a car has been driven at high speed during hot weather, the 
heat built up in the engine is sometimes sufficient to dause 
complete vaporization of the fuel in the intake mapifold 
during low speed operation immediately following. | The 
effects of increased temperature and of increased ipeed 
are to improve distribution, hence the range of engine sipeed 
over which good distribution occurs is governed by a com¬ 
bination of factors such as engine speed and load, cliijnatic 
conditions and the type and condition of the engine ibelf. 



Under conditions of wide-open throttle operation at con¬ 
stant low speed (for example when ascending a hill), the 
carburetor air-fuel ratios of automobile engines, now being 
marketed, are usually in the range from 10.0 to 1, to 12.5 
to 1, and the mixture ratio of the leanest cylinder under 
the same conditions usually does not exceed about 14.0 to 
1. Carburetor air-fuel ratios in this range are employed 
for the development of maximum engine power under con¬ 
ditions of poor distribution. 

I find that under such conditions the various cylinders re¬ 
ceive mixture ratios ranging between the leanest, which is 
usually about 14.0 to 1, and the richest, which is richer than 
the carburetor air-fuel ratio of 10.0 or 12.5 to 1. During 
manual or automatic choking in periods of warming up or 
very low atmospheric temperature, carburetor air-fuel ra¬ 
tios may be much richer than 10.0 to 1. They are usually 
richer also immediately after the quick opening of the throt¬ 
tle during acceleration. 

Fuel octane number and mixture ratio are factors which 
influence the design of an engine for the production of 
maximum power and economy. The highest compression 
ratio that mav be used without knocking, commonly called 
the highest useful compression ratio (H.U.C.E.), is a mea¬ 
sure of the utility of these two factors when other factors 
remain constant. Figure 3 illustrates the H.U.C.R. of cyl¬ 
inders A, B and C of Figure 2 as carburetor air-fuel ratio 
and fuel vaporization in the carburetor and manifold are 
varied. 

166 The chart of Figure 3 has as its scales of abscissae 
the carburetor air-fuel ratio and the per cent of 
vaporized fuel leaving the manifold. The chart has as its 
left scale of ordinates the highest useful compression ratio 
(H. U. C. R.). The chart has as its right hand scale of or¬ 
dinates the air-fuel ratio of cylinder C. Curves A, B and 
C of the chart show the highest useful compression ratio of 
cylinders A, B and C of Figure 2 as the carburetor air-fuel 
ratio and per cent of vaporized fuel leaving the manifold 
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are varied. For purposes of comparis 
mixture ratio in the leanest cylinders of 
does not varv widelv, I here choose to 
cases where the mixture ratio in the leanest cylinder (A) is 
constant and is of the order of 14.0 to 1. In order fob evl- 
inder A to operate at this constant air-fuel ratio as the 
percent of fuel vaporized in the carburetor and manifold 
decreases, it is necessary that the carburetor air-fuel ratio 
be increased. Cylinder B is assumed to receive fuel c^f the 
same composition and to have the same mixture ratio as 
that delivered by the carburetor. Cylinder C is assumed 
to receive the same fuel as received by cylinder B plus the 
liquid portions which under conditions of perfect distribu¬ 
tion would have entered cylinder A. Cylinder C ha^ the 
richest mixture and its mixture ratios are read frorh the 
right hand scale of ordinates. 

Curve B, of Figure 8, shows that the highest useful com¬ 
pression ratio of cylinder B, of Figure 2, varies as the mix¬ 
ture ratio in the cylinder is varied. At a cylinder aiil-fuel 
ratio of about 13.8 to 1 the knocking tendencv of the mix- 
ture in the cylinder is greatest, as is indicated on the curve 
by the lowest H. U. C. R. This air-fuel ratio at whiclji the 
knocking tendency is greatest is known as the maximum 
knock air-fuel ratio. At mixture ratios richer or leaner than 
the maximum knock air-fuel ratio the knocking tendency of 
the mixture in the cylinder is less and the diminution 
167 in knocking tendency becomes greater as the mature 
ratio is made progressively richer or leaner. 

Curve A shows that as the percentage of fuel vapoiuzed 
in the carburetor and manifold decreases, and as the car¬ 
buretor air-fuel ratio is made correspondingly richer to 
maintain the air-fuel ratio constant in cylinder A, the high¬ 
est useful compression ratio for cylinder A also increases, 
notwithstanding the fact that its air-fuel ratio remains con¬ 
stant. This is due to the fact that the fuel entering cylinder 
A consists of progressively lighter ends which have cor¬ 
respondingly higher octane numbers. The resulting in- 
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creases in H. U. C. R. of cylinder A due to the higher anti¬ 
knock value of these lighter ends is not as great as the cor¬ 
responding increases in H. U. C. R. of cylinder B obtained 
by the acconi])anying richening of the mixture therein. 

As the percentage of fuel va])orized in the carburetor and 
manifold is decreased, and the carburetor mixture is cor¬ 
respondingly richened, cylinder C receives an increasing 
I)roportion of heavy ends of low octane nmiiber, hence the 
octane number of the fuel in cylinder C decreases. How¬ 
ever, curve C of Figure 3 shows that as the carburetor mix¬ 
ture is richened cylinder C knocks progressively less. This 
is due to the fa^t that as the mixture in the cylinder is rich¬ 
ened, the resultant decrease in knocking tendency is more 
than sufficient tb offset the effect of the lower octane number 
of the fuel. The result is that under engine operating con¬ 
ditions with poor distribution, the H.U.C.R. of cylinder C is 
greater than that for eitlier cylinder B or cylinder A. The 

H.U.C.R.s of the several cvlinders varv more because of 

» • 

changes in cylinder air-fuel ratio under conditions of im¬ 
perfect distribution than they do because of changes in the 
relative anti-knock value of the light and hea\w ends of the 
fuel. 

Curves A', B' and C' of Figure 3 show the highest useful 
compression ratio for cylinders A, B and C respec- 
168 lively when the fuels of curves A', B' and C' contain 
a lead alkyl in a concentration of 3.00 grams of lead 
per gallon of fuel received by the cylinder. The addition of 
the lead to the' fuel changes neither the general shapes of 
the curves for the three cylinders nor the positions of the 
curves with respect to each other. Rich cylinder C with¬ 
out lead in the fuel has a higher useful compression ratio 
than lean cylinder A with lead in the fuel when less than 
approximately 75 % of the fuel leaves the manifold in the 
vapor state. 

Cylinder A, containing substantially only the lighter ends 
of the gasoline, has the leanest mixture ratio and is in 
greatest need of the assistance of lead alkyl anti-knock 
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compounds. In a multi-cylinder engine there may be sev¬ 
eral cylinders having the conditions of cylinder A and these 
conditions shift around among the cylinders during opera¬ 
tion. The ideal solution of this problem would be to dis¬ 
tribute the anti-knock agent in accordance with the nieeds 
of each cylinder but this is impractical. The next most de¬ 
sirable result would be obtained by using a lead alkyl so 
volatile that at all times it would be in the vapor portion of 
the fuel charge and so be equally distributed among th(! cy¬ 
linders. Such a lead alkyl does not exist. 

Other important factors involved, in addition to the fac¬ 
tor of lead alkyl distribution to the cylinders, are th^ in¬ 
herent anti-knock effect of the different lead alkyls (fjinti- 
knock effect per unit weight of lead) and the variatioji in 
inherent anti-knock effect under different operating pon- 
ditions. I find that the apparent advantage of low boiling 
lead alkyds during poor distribution is offset in varying de¬ 
grees by the relatively low inherent anti-knock effect of 
these alkyls during good distribution. I also find there is 
an advantage in using a mixture containing certain low ioil- 
ing lead alkyls and certain lead alkyls which have higher 
inherent anti-knock effect, and which have less variatio]|i in 
anti-knock effect as operating conditions change e|ven 
though the latter lead alkyls have a higher boiling pqint. 

The curves of Figure 4 show the octane number^ of 
169 the vaporized portions of mixtures of the base fuel of 

Figure 1 and some of the lead alkyls under three rep¬ 
resentative operating conditions of cylinder A, namely vidth 
53% (poor distribution, curve E), 87% (good distribution, 
curve F), and 100% (perfect distribution, curve D) of the 
fuel leaving the manifold in the vapor state. The condition 
of 100% of the fuel leaving the manifold in the vapor stjate 
for cylinder A is also representative of the same condit|ion 
for cylinders B and C, In Figure 4, one scale of abscisjsae 
denotes some of the lead alkyls by the number of carjjon 
atoms in the lead alkyl molecules, up to and includingj 12 
carbon atoms, and the other scale of abscissae the corre- 





spending boiling points of these alkyls at a pressure of 
13 milliiiieters of mercury. The scale of ordinates shows oc¬ 
tane numbers. 'In all cases the base fuel leaving the car¬ 
buretor contains a single lead alkyl in a concentration of 
3.00 grams of lead per United States gallon. 

Curve D on the chart shows the octane number of the mix¬ 
ture of fuel and anti-knock compound in all the cylinders of 
an engine operating at low speed with perfect distribution. 
Under these conditions the concentration of anti-knock com¬ 
pound in the fuel and the composition of the fuel in each 
of the cylinders is the same as in the fuel leaving the car¬ 
buretor. This curve shows the relative efficiency of the lead 
alk>’ls at low engine speed when no distribution problem 
exists, and will hereafter be referred to as the curve of in¬ 
herent anti-knock value at low speed. As such it serves as 
a reference curve. I have found that lead alkyl anti-knock 
compounds containing both methyl and normal propyl radi¬ 
cals, such as lead tri-methyl propyl, and compounds con¬ 
taining iso-propyl radicals, such as lead di-ethyl di¬ 
isopropyl, have' lower inherent anti-knock effect than com¬ 
pounds shown on curve D of Figure 4. Since those com¬ 
pounds having lower inherent anti-knock effect have less 
commercial utility the chart of Figure 4 has been simplified 
by omitting them. 

170 Lead tri-ethyl methyl has the highest inherent anti¬ 
knock value under the low speed conditions shown by 
curve D, and the inherent anti-knock effect of the other lead 
alk>ds diminishes as the number of carbon atoms is in¬ 
creased or decreased. Of the alkyls shown on curve D, lead 
tetramethyl has the lowest inherent anti-knock value. I 
find that in some commercial gasolines the 7 carbon atom 
compound (lead tri-ethyl methyl) is a little better than the 
S carbon atom compound (lead tetra-ethyl), and in other 
commercial gasolines the 8 carbon atom compound is bet¬ 
ter than the 7 carbon atom compound. The difference be¬ 
tween the two in any case is small, and so I consider them 
as on a par. 
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Curve E shows the relative anti-knock effect of the sajme 
lead alkyls under low speed condition where only 53% of 
the fuel is delivered in the vapor state by the manifold to 
cylinder A of Figure 2. Lead tetramethyl shows the great¬ 
est anti-knock effect, and the effectiveness of the otlier 
alkyls decreases progressively with an increase in the num¬ 
ber of carbon atoms in the molecule. The greater anti¬ 
knock effect of the alkvls having a small number of carbon 
atoms is due to the higher volatility of these compounds 
which results in a greater percentage being distributed wjith 
the portion of the fuel in the vapor state. Curve F is a sim¬ 
ilar curve for engine operating conditions where 87% of the 
fuel is delivered in the vai)or state to cylinder A of Figure 
2. It will be noted from these three curves that, as engine 
conditions are changed toward perfect fuel distributibn, 
the effectiveness of load tetramethvl and lead tri-methvl 
ethyl falls toward their points on the inherent curvei D 
while the effectiveness of the remainine: alkvls rises toward 
their points on the inherent curve D. 

The high effectiveness of the low carbon atom lead alkvls 
is found in slow speed winter time driving before the engine 
is warmed up. As the engine warms up the operating c(|>n- 
ditioiis approach those given on curve D. The high appjir- 
ent effect of lead tetramethyl may be useful for IJut 
171 a short period of driving. The problem of the dis¬ 
tribution and utility of the lead alkyls is emphasizled 
during engine acceleration. During the first few revolu¬ 
tions after the quick opening of the throttle, all the cylinders 
receive substantially only vaporized fuel, and therefore lead 
alkyls are effective during this period insofar as they gre 
vaporized and enter the cylinders with the vaporized fuel. 
Good volatility of the alk\d is desirable to meet this ec»n- 
dition. 

At higher engine speeds or higher manifold temperatures 
where substantially uniform distribution of fuel occurs, tjhe 
anti-knock agent is distributed substantially equally ahd 
inherent anti-knock effectiveness is the controlling factor 
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because at high engine speeds engines are usually quite 
sensitive to small changes in the anti-knock value of the 
fuel. At high car speed under conditions of perfect distri¬ 
bution the lead alkyls containing from 8 to 12 carbon atoms 
have substantially the inherent anti-knock values shown on 
curve D. The 6 and 7 carbon atom compounds have slightly 
less anti-knock value than the 8 carbon atom compound and 
the 4 and 5 carbon atom compounds considerably less in¬ 
herent effectiveness than indicated by curve D, lead tetra- 
methyl having the greatest loss in inherent effectiveness 
as engine speed is increased. Because of their greater loss 
of inherent anti-knock value at higli car si^eed, lead tetra- 
methyl and lead tri-methyl ethyl do not have as high over¬ 
all effectiveness relative to lead di-methyl di-ethyl and lead 
tri-ethyl methyl as indicated by the points representing 
these compounds on Curve D. The boiling points of the 
compounds containing 6 or more carbon atoms, are a deter¬ 
rent to their use under conditions of poor distribution. I 
have found that the boiling points of the lead alk\ds are cor¬ 
related with engine operating conditions instead of with the 
boiling points of the various fractions of the fuels. 

The addition! of an anti-knock agent to a base fuel in¬ 
creases the H.U.C.E. of an engine using this fuel. I find 
that the best anti-knock agent is a mixture of lead 
172 alkyls which gives the highest and most nearly uni¬ 
form increase in H.U.C.R. of an engine over the 
range of operating conditions under which it is used. I 
find that this mixture should contain in substantial quantity 
a lead alkyl which has high inherent anti-knock effectiveness 
over a wide rahge of engine speeds and as low a boiling 
point as possible consistent with this requirement, and that 
the 7 carbon atom compound, lead tri-ethyl-niethyl, best 
meets these conditions. I find that this mixture should also 
contain in substantial quantity a lead alkyl which has a low 
boiling point, relatively high effectiveness under conditions 
of poor distribution and not too low inherent anti-knock ef¬ 
fectiveness ovef a wide range of engine speeds, and that the 
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5 carbon atom compound, lead tri-methyl-ethyl, best meets 
these conditions. The 6 carbon atom compound, lead di¬ 
methyl di-ethyl, has a relatively low boiling point and a 
relatively high and substantially uniform anti-knock effec¬ 
tiveness over a wide range of engine speeds and I lin(]| that 
this compound should be used in the mixture in substabtial, 
or even predominant, proportions. To meet the widest nor¬ 
mal range of operating conditions my preferred mi:^ture 
consists, on a volume basis, of 25 percent lead tri-methyl- 
ethyl, 45 percent lead di-methyl di-ethyl and 30 percent lead 
tri-ethyl methyl. 'With this mixture I use one or more com¬ 
pounds, such as organic halides, in accordance with and for 
the purposes stated in !Midgley United States Patent No. 
1,592,954, issued on July 20, 1926 and entitled “Fuels ”. I 
prefer to use, on a volume basis, in the final mixture, 23 per¬ 
cent of ethylene di-bromide, 14 percent of ethylen^ di¬ 
chloride and 63 percent of the lead alkyl mixture. 

The quantity of such mixture that is added to fueli de¬ 
pends on the composition of the fuels and the desired im¬ 
provement in the anti-knock value of the fuels. To one 
United States gallon of an average commercial gasoline as 
marketed in the United States, I usually add up to apout 
4.5 c.c. of the final mixture; however, larger concentrations 
may be used. 

173 In the practice of my invention, a fuel-air mixture 
is compressed, in an internal combustion engin(‘, to 
a compression pressure greater than the critical compres¬ 
sion pressure of the base fuel, and the fuel-air mixture is 
burned with the mixture of lead alkyls, with a resultant de¬ 
crease in knocking tendency. The final mixture containing 
lead alkyls may be mixed with the base fuel to form a pew 
treated fuel or it may be injected into the intake manifold. 
In the former case the final mixture is carbureted and dis¬ 
tributed with the fuel-air mixture. 

Lead tetramethvl and lead tetra-ethvl mav be used in the 
mixture and when these compounds are used my preferred 
mixture consists, on a volume basis, of 4.0 per cent Head 
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tetrainethyl, 23 percent lead tri-methyl ethyl, 40 percent 
lead di-methyl di-ethyl, 27 percent lead tri-ethyl-methyl 
and 6 percent lead tetra-ethyl. The proportions of the 
methvl-ethvl lead alkvls, and of the tetra-methyl and tetra- 
ethyl compounds if the latter are used, may be varied to 
meet different ranges of climatic conditions, operating 
conditions and engine design. When cold weather or rela¬ 
tively low speed driving conditions prevail, a larger pro¬ 
portion of the lower boiling compounds and a smaller pro¬ 
portion of the higher boiling lead alkyl compounds may be 
used. If lead tetra-methyl is used in the mixture, I prefer 
to keep its concentration low and even in the coldest weather 
to have its concentration less than 15 percent. When hot 
weather or relatively high speed driving conditions prevail, 
a higher proportion of the higher boiling compounds, and 
I)articularly lead tetra-ethyl, and a smaller proportion of the 
lower boiling compounds may be used. The exact propor¬ 
tions to be used depend on the specific conditions to be met. 

Other lead 'alkyls may be used in the mixture but if 
present I prefer that they be employed in relatively small 
concentrations. The organic halides may be used with all 
these mixtures. 

The primary or basic anti-knock agent is the mixture of 

the three methvl-ethvl lead derivatives—lead tri-methvl 

• • •> 

ethyl, lead di-methyl di-ethyl and lead tri-ethyl methyl. 

This primary or basic agent may be used alone or 
174 with other anti-knock compounds which modify the 
anti-knock effectiveness provided by different mix¬ 
tures of these three compounds. Where tetra-methyl lead is 
added I prefer that its concentration should not exceed 15 
percent based on lead present. 

As stated above lead tri-ethyl methyl and lead tetra-ethyl 
are about on a par except for boiling point and the differ¬ 
ence in the boiling points of these two compounds is not so 
material in hot weather. For these reasons lead tetra-ethvl 
is taken as an equivalent for lead tri-ethyl-methyl in an anti¬ 
knock mixture for hot weather, and such mixture may have 
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a relatively large concentration of either or both of tliese 
compounds. Except for this hot weather mixture I prefer 
the concentration of other anti-knock compounds to be r ela¬ 
tively small so as to merely modify the properties of the 
primary or basic anti-knock agent. 

I have found that when using the mixture or mixtures 
described above, under the conditions of imperfect fuel dis¬ 
tribution described with reference to cylinders A, B and C, 
that the knocking of the cylinder A is reduced to a minimum 
consistent with good engine performance over the entire 
range of operating conditions. 

The problems of distribution and of the use of lead alkyls, 
as anti-knocks, have been applied to a base fuel of the type 
shown in Figure 1. In the case of base fuels having a sub¬ 
stantially flat characteristic curve, i.e., all fractions of ap¬ 
proximately equal octane number, the H.U.C.R. of cylirder 
A of Figure 2 remains constant as the carburetor air-;:uel 
ratio is varied and causes curve A of Figure 3 to become a 
substantially straight, horizontal line. As the carburetor 
air-fuel ratio is made richer than that for maximum knqck, 
the H.U.C.R. of cylinders B and C increases faster than in 
the case of the fuel of Figure 1 since there is no depressing 
etfect of heavy ends of low anti-knock value. Therefore cy¬ 
linder A, relative to cylinders B and C, is in even grejfter 
need of the assistance of lead alkyl anti-knock compounds. 

When the base fuel has a characteristic curve with 
175 with a slope opposite to that of the curve of Figure 
1, i.e., having heavy ends with higher anti-knock vi lue 
than the lighter ends, the H.U.C.R. of cylinder A of Figure 
2 decreases as the carburetor air-fuel ratio is made richer 
than that for maximum knock, and the H.U.C.R. of cvlin- 
ders B and C increases more rapidly than in either previbus 
case as the heavy ends of high anti-knock value are added. 
Cylinder A, therefore, has the greatest possible need of the 
assistance of lead alkyls. I find that the use of fuels of the 
last two types described does not materially alter the pi^ob- 
lem of the selection of the best lead alkyl mixture. 
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Curve D of Figure 4 is applicable to base fuel stocks 
wliicli constitute by far the major portion of the gasoline 
sold in the United States. A few unusual gasolines have 
curves of inherent lead alkyl anti-knock value which differ 
from curve I) of Figure 4 in that the compound of maximum 
elTectiveness i^ other than that containing seven or eight 
carbon atoms. However, in these fuels I find that the 
above described preferred mixtures give the best over-all 
results. 

My inventio7i finds its greatest utility in high-duty en¬ 
gines. Tt is also useful in low-duty engines, particularly in 
the winter-timie or under variable conditions of operation. 

It will be appreciated from the above description that the 
invention not only resides in the method of operating a gas¬ 
oline eimine bv means of the combustion of gasoline with 
the aforesaid anti-knock mixture or mixtures, but also re¬ 
sides in the various anti-knock mixtures as hereinbefore 
described, either alone or admixed with gasoline. 

It will also be appreciated that the invention is not only 
applicable for use with gasoline, such as the ordinary gaso¬ 
line of commerce, but is also applicable for use with mix¬ 
tures of gasoline and other fuels, for instance, alcohol or 
benzene-gasoline mixtures. 

176 I claim: 

1. The method of operating an internal combus¬ 
tion engine Which comprises forming a combustible mix¬ 
ture of a motor fuel and air, compressing the mixture to 
a compressioii i)ressure greater than the critical compres¬ 
sion pressure of the motor fuel and burning the mixture to¬ 
gether with a primary antiknock agent comprising a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl. 

2. The method of operating an intenial combustion en¬ 
gine which comt)rises forming a combustible mixture of a 
motor fuel and air, compressing the mixture to a compres¬ 
sion pressure greater than the critical compression pressure 
of the motor fuel and burning the mixture together with a 
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primaiy antiknock aj^ent comprising a mixture of lead ti'i- 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl in which antiknock mixture the lead dimethyl di¬ 
ethyl predominates. j 

3. The method of oi^erating an internal combustion engine 
which comprises forming a combustible mixture of a motor 
fuel and air, compressing the mixture to a compressjion 
pressure greater than the critical compression pressure of 
the motor fuel and burning the mixture together with a 
primary antiknock agent comprising a mixture of lead i;ri- 
methvl-ethvl, lead di-methvl di-ethvl, and lead tri-ethvl- 

methyl, and lead tetraethyl the concentration of the 

177 lead being greatest in the lead triethyl methyl s.nd 
lead tetraethyl. 

4. The method of operating an internal combustion 
engine which comprises forming a cumbustable mixture of 
a motor fuel and air, compressing the mixture to a com¬ 
pression pressure greater than the critical compression 
pressure of the motor fuel and burning the mixture to¬ 
gether with a primary antiknock agent comprising a mix¬ 
ture of the three methvl-ethvl lead derivatives; and kad 
tetramethyl in a concentration not exceeding fifteen per¬ 
cent. 

5. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock componenlf a 
mixture of the three methyl-ethyl lead derivatives. 

6. A product comprising a motor fuel and a primary 
antiknock agent consisting of the three methyl-ethyl lead 
derivatives. 

7. A product comprising a motor fuel and an anti-kn<^ek 

material having as its primary antiknock ccm- 

178 ponent a mixture of the three methyl-ethyl lead de¬ 
rivatives, in which mixture the concentration of 

lead dimethyl diethyl predominates. 

8. A product comprising a motor fuel and a primary 
antiknock agent consisting of the three methyl-ethyl l^ad 
derivatives, in which the concentration of lead dimethyl 
diethyl predominates. 
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9. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a 
mixture of the three methyl-ethyl lead derivatives, and 
lead tetramethyl in a concentration not exceeding fifteen 
percent. 

10. A product comprising a motor fuel and a primary 
antiknock agent consisting of the three methyl-ethyl lead 
derivatives, and lead tetramethyl in a concentration not 
exceeding fifteen percent. 

11. A product comprising a motor fuel and an antiknock 
agent comprising lead tri-methyl ethyl, lead dimethyl di¬ 
ethyl, lead triethyl methyl and lead tetraethyl and in 
which the greatest lead concentration is in the group con¬ 
sisting of lead triethyl methyl and lead tetraethyl. 

179 12. A product comprising a mixture of a motor 
fuel, a primaiy antiknock agent consisting of the 

three methvl-ethvl lead derivatives; and lead tetramethvl 
and lead tetraethyl present in relatively small concentra¬ 
tions. 

13. A product comprising a mixture of the three methyl- 
ethyl lead derivatives and an organic halide. 

14. A product comprising a mixture of the three methyl- 
ethyl lead derivatives, at least one other lead alkyl present 
in a relatively small proportional quantity, and an or¬ 
ganic halide. 

15. A product comprising a mixture of the three methyl- 
ethyl lead derivatives and lead tetramethyl in a concentra¬ 
tion not exceeding fifteen percent. 

16. A product comprising a mixture of lead tri-methyl 
ethyl, lead dimethyl diethyl, lead triethyl methyl and lead 
tetraethyl with the greatest lead concentration in the lead 

triethyl methyl and lead tetraethyl. 

180 17. A product comprising a mixture of the three 
methyl-ethyl lead derivatives, lead tetramethyl in 

a concentration not exceeding fifteen percent and an or¬ 
ganic halide. 
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18. A product comprising a mixture of lead tri-meth^jl 
ethyl, lead dimethyl diethyl, lead triethyl methyl and leaji 
tetraethyl with the greatest lead concentration in the lead 
triethyl methyl and lead tetraethyl, and an organic halidi. 

19. The improved antiknock agent; and product con[- 
prising a motor fuel and improved antiknock agent; anjd 
method of operating an internal combustion engine sulj)- 

stantially as described and for the purpose specified. 
181 In Testimonv Whereof I affix mv siimature. i 

- • ^ I 

EAKL BARTHOLOMEW. 
Oath 

State of Michigan, County of Wayne, ss: 


Earl Bartholomew, the above named petitioner, beip 
duly sworn, deposes and says: that he is a citizen of tlj 
United States and a resident of Birmingham, County 
Oakland, and State of Michigan, that he verily believ^ 
himself to be the original, first and sole inventor of tli 
improvement in 
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—Method and Means for Improving Engine Opcration-L- 

described and claimed in the annexed specification; thjit 
he does not know and does not believe that the same w’j^s 
ever known or used before his invention or discovery 
thereof, or patented or described in any printed publica¬ 
tion in any country before his invention or discovejw 
thereof, or more than tw’o years prior to this application, 
or in public use or on sale in the United States for mope 
than two years prior to this application; that said inven¬ 
tion has not been patented in any country foreign to the 
United States on an application filed by him or his leg|al 
representatives or assigns more than twelve months pripr 
to this application; and that no application for patent for 
the said invention has been filed by him or his legal repJ-e- 
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sentatives or assigns in any country foreign to the United 
States. 

EARL BARTHOLOMEW. 

Sworn to and subscribed before me this 1st day of Sep¬ 
tember 1936. 

MARIE M. MARTIN, 

(Seal) Notary Public, Wayne Co., 

My Commission expires Oct. 14, 1936 
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188 References cited: 

Sullivan 1,938,547 Dec. 5, 1933 44-9.01 

Voorhees 1,974,167 Sept. 18, 1934 44-9.0[l 

Alleman 1,949,948 Mar. 6, 1934 44-9.01 

Shappirio 2,012,356 Aug. 27, 1936 44-9.01 

The claims are all rejected as unpatentable over the ref¬ 
erences cited which show the use of anti-knock lead alljyls 
wherein a mixture of different alkyls would be burned! si¬ 
multaneously to give the same effect as applicant’s c|)m- 
pounds. 

At least seven distinct species of anti-knock are present; 
these are out-lined as follows: 

I. Mixture of methvl ethvl lead derivatives (claims 1, 2, 
5, 6, 7, 8). 

II. Mixture as in I containing also lead tetraethyl 
(claims 3,14 and 16). 

III. Mixture as in I containing also some lead tetra- 
methyl (claims 4, 9,10,15). 

IV. Mixture as in I containing also both some lead tetra¬ 
ethyl and some lead tetra methyl (claim 12). 

V. Mixture as in I containing also some organic halide 
(claim 13). 

VI. Mixture as in V containing also some lead tetraethyl 
(claims 14 and 18). 

VII. Mixture as in V containing also some lead tetra 
methyl (claims 14 and 17). 

189 The applicant is required to limit the total species 
of invention as outlined to not more than three ac¬ 
cording to the provisions of rule 41. The applicant is fur¬ 
ther required to present an election of one species for fur¬ 
ther prosecution herein since no generic claim has been 
allowed order 3254; ex parte Doane 410 0. G. 275. 

Claim 19 is rejected as informal. 
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The claims are further rejected as based upon an inade¬ 
quate disclosure which fails to accurately describe how the 
specific compounds claimed are prepared. 

A M NASH 

Examiner. 

191 New York, N. Y. June 2, 1937 

Commissioner of Patents, 

Washington, D. C. 

Sir: 

This amendment is in response to the Office Action of 
December 15, 1936- 

Cancel claims 13, 14, 17 and 18 constituting groups V, 
VI and Vn, and claim 19. 

Remarks: 

The basis for the rejection of the claims is not clear 
from the wording of the rejection. IMidgley patent no. 
1,573,846 discloses that lead alk\'ls are antiknocks. A mix¬ 
ture of lead alki’ls must also be an antiknock. This follows 
from the ]\Iidgley patent without citation of other refer¬ 
ences. The patents to Sullivan, Voorhees and Shappirio are 
directed to methods of making antiknock compounds in hy¬ 
drocarbon fuels and the mixture resulting from such manu¬ 
facture. However, those patents do not give any disclosure 
as to the relative values of antiknock compounds and in 
this respect they do not add to the above discussion of 
Midgley’s prior patent. The present application 

192 claiming certain mixtures of certain lead alkyls re¬ 
quires, as a basis, a statement of relative values 

which is not found in the references. It appears that the 
spirit of the rejection is that applicant is claiming merely 
a mixture of known antiknock compounds but such rejec¬ 
tion is untenable in view of the basis laid in the specifica¬ 
tion and the scope of the claims. If the rejection is repeated 
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the Examiner is asked to apply the references and in doing 
so will he kindly note in the specification the definition of 
terms as used in the claims. 

The patent to Alleman 1,949,948 is limited to a disi do- 
sure of an invention as stated on page 1, lines 21 to 25 in¬ 
clusive. This patent and the present application fol.ow 
different bases of thought and they arrive at a different 
conclusion by a different route. Applicant fails to find in 
this patent grounds for rejecting the claims. 

As to all the references cited, applicant does not find iny 
statement on engine operation and the Examiner’s atten¬ 
tion is directed to the part of the present application treat¬ 
ing engine operation and the part it takes in the present 
invention. 

Acting under the provisions of Rule 41 applicant elects 
the three species of claims as those of Types IE, III and IV 
as outlined in the rejection. Acting under Order 3254 ap¬ 
plicant elects claims of Type II which will be prosecuted 
if a generic claim is not finally allowed. 

Replying to the last paragraph of the rejection it is un¬ 
derstood that methods for manufacturing compounds n(ied 
not be disclosed if they are a part of public knowledge. 
The following publications give methods of making mi 3 :ed 
alkyl compounds of lead: 

193 PbMesEt — Griittner and Krause, Berichte der 
Deutschen Chemischen Gesellschaft (Verag 
Chemie, Berlin ) 49,1125-33 (1916) 

PbMejEts — “ “ “ “ “ << 

49, 1546-50 (19i6) 

PbMeEta — “ “ “ “ “ j 

49, 1125-33 (19^6) 

Methods for making the tetramethyl and tetraethyl com¬ 
pounds of lead are so well known in the literature and in¬ 
cluding patents that it is believed that the rejection is di¬ 
rected to the mixed alkyl compounds of lead. If desii^ed 
applicant can also supply citations from the literature 
ative to making these two compounds. 
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A more complete description of numerous mixed alkyl 
lead compounds,' together with literature references to their 
actual preparation, will be found in “The Organic Com¬ 
pounds of Lead” by George Calingaert, Chem. Reviews, 
Vol. 2, page 43 (1925), published by William and Wilkins, 
Baltimore. 

It is submitted that the application is in condition for 
allowance. 

Respectfully submitted, 

EARL BARTHOLOMEW 

By JOE W. MORRISON 
His Attorney 

• ••••••••• 

194 In response to amendment filed June 3, 1937. 

The claims stand rejected as unpatentable over certain 
references of record, Sullivan, Voorhees, Alleman and 
Shappirio. These references show addition to gasoline, or 
production in situ in the fuel, of mixtures of lead alkyls 
as anti-knock re-agents which would include lead alkyl com¬ 
pounds of widely varying boiling point range and quanti¬ 
ties which of course would be variously distributed to the 
several cylinders of a motor in operation. 

Applicant proposes to use a mixture of low volatile anti¬ 
knock substances of varving degrees of volatilitv to cause 
more even distribution with the fuel-air mixture to the mul¬ 
tiple cylinders of a motor so that each cylinder will receive 
some lead alkyl throughout the various conditions of low 
or high motor speeds. Applicant’s anti-knock does not com¬ 
pletely volatilize, but the use of a mixture of antiknock sub¬ 
stances is considered because of its varying degrees of 
volatility to tend to be more satisfactorily distributed. 
Such condition and principle is met in the references wrho 
use lead alkyls lin admixture. The references of course do 
not pick and choose from all of the possible lead alkyls and 
hence do not specifically state that so much of this lead 
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alkyl is used and so much of that, but inasmuch as all of 
the lead alkyls are well knowm anti-knocks, even as shown 
by Midgely, and those which applicant’s selects are, as he 
points out, part of the public knowledge, the refer- 
195 ences relied on showing use in admixture of the whole 
gamut of lead alkyls are considered to teach the prin¬ 
ciple of the invention herein alleged and properly applied 
to reject the claims even those reciting specific mixtures 
not directly readable thereon. j 

The use bv these references of a mixture of lead Mkvls 
of widely varying degrees of volatility in various fuels also 
widely varying in volatility would inherently give the same 
effect of more even distribution of anti-knock material to 
the multiple cylinders. This becomes obvious when it is 
considered that a commercial fuel per se would vary ih vol¬ 
atility from about 75® F. to about 425° F., but special fuels 
might vary more widely. At the same time, the antilmock 
lead alkvl even the most volatile lead tetra methvl is rela- 
tively non-volatile, boiling well above the more volatile 
fuel components, i. e., about 230° F., so that the applicant’s 
anti-knock is not truly vaporized. Under such conditions 
any mixture of lead alkyls of different volatilities and 
gravities would give a similar cylinder distribution palttern 
to applicant’s specific mixture of lead alkyls. 

Applicant contends further that certain claims recite a 
method of engine operation; that the effect of the anti¬ 
knock reagent varies therevdth, and the references say 
nothing of engine operation. The claims in effect recite 
that an engine is operated with a fuel that would inock 
except that the fuel has been conditioned with a certain 
anti-knock dope. As a process, the engine is operated in a 
usual manner except that the fuel is burned with a paiticu- 
lar anti-knock dope. There is nothing in these claims to 
indicate that engine is operated in any unusual manner or 
that the addition of anti-knock is varied to suit engimj op¬ 
erating conditions. If the claims were so limited, division 
would be properly required since a different divisible in- 



116 


vention from the motor fuel would be claimed, separately 
classified and searched etc. However, the present 
196 claims are to the same invention as the motor fuel. 

The references add the anti-knock dope to the fuel 
for the purpose of controlling the combustion thereof in 
the operation of an ordinary motor and as such are prop¬ 
erly applied to these claims as well as those merely reciting 
the fuel containing the anti-knock dope, or the dope to be 
added to the fuel. 

In Fig. 4 applicant shows that the addition of ordinary 
anti-knock to fuel of only 53% vaporization has a much 
lower anti-knock value than fuel of perfect vaporization. 
But in the graph Fig. I it is indicated that the lower vapori¬ 
zation fuel has:the best anti-knock value, and this is sup¬ 
ported by Fig. 3 even for a leaded fuel, obviously a direct 
contradiction of data. 

In Fig. 4 the more highly volatile anti-knock radically 
raises the anti-knock value of the relatively non-vaporizable 
fuel, but depresses the anti-knock value of vaporizable fuel. 
But all fuels are incompletely vaporizable under some con¬ 
ditions i. e., winter or starting condition of motor, and 
all fuels are used in variable conditions of motor operation. 
Moreover all fuels vary widely in inherent anti-knock char¬ 
acteristics and lead susceptibility and volatility. Hence ap¬ 
plicant’s claims to a fuel broadly or a motor operated 
therewith and treated with a dope of variable composition 
to be used under variable conditions are unduly broad and 
indefinite, and as held, unpatentable over the prior art. 

Summary: 

All claims are rejected as unpatentable over Sullivan, 
Voorhees, Alleman or Shappirio showing motor fuels con¬ 
taining equivalent mixed lead alkyl compounds in view of 
applicant’s admission that his specific alkyls are old. 

All claims are rejected as unduly broad and indefinite. 

P M NASH 
Examiner. 

• ••••••••• 
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204 In response to argument filed Feb. 15, 1938.| 

Claims 1-12, 15 and 16 are rejected as beii]|g in¬ 
definite in form and scope as to fail to clearly defii^e the 
invention disclosed. | 

The following claim found to be allowable is suggested 
for the purpose of interference. Applicant should bake 
the same by April 16, 1938 under the provisions of rule 96; 
failure to do so will be considered a disclaimer of the| sub¬ 
ject matter involved. 

“Liquid fuel for internal combustion engines of thd otto 
cycle multicylinder type comprising a mixture of hydro¬ 
carbons of such varying volatility and forming such vary¬ 
ing air-fuel ratios as to cause material variation in knock¬ 
ing tendency of the several cylinders in operation and| con¬ 
taining a small quantity of a mixture of volatile lead alkyls 
consisting of tetra ethyl lead, tri eytlil methyl lead, di Uhyl 
di methyl lead, ethyl tri methyl lead, and tetra methyl lead, 
whereby variation in separate cylinder knocking tendency 
is eliminated and the anti-knock value of the fuel is raided.” 

P. M. NASH, ! 

Examiner. 

• «***••••• 

207 Responsive to argument filed September 2, 19fe. 

Claims 1-12,15-16 are rejected upon the disclaimer 
implied by failure to copy and adopt the claim suggested in 
the Official action of March 23, 1938, for purposes of ihter- 
ference under the provisions of rule 96. | 

The claims are again rejected as indefinite as to formj and 
scope as held of record. It is not enough, according to E. S. 
4888, that applicant clearly disclose the invention, applicant 
must distinctly claim it. Often coined expressions to define 
an artificial class are permitted in claims after layiitg a 
proper basis in the disclosure, but the “methyl-ethyl lead 
derivatives” is not such coined expression, but a term hav¬ 
ing basis to define a class recognized generally anJong 
chemists. Such term for example includes compounds other 
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than those defined in the specification, such as those par¬ 
ticularly defined by Alleman, like methyl ethyl diamyl lead. 
The fact is, therefore, tliat applicant’s claims read upon 
methyl ethyl lead derivatives other than those disclosed, in¬ 
operative for purposes herein, and no reference to the 
limited definition in the specification is proper and war¬ 
ranted under R. S. 4888, particularly in claims in an appli¬ 
cation capable of amendment to properly define the inven¬ 
tion. 

Claims 15 and 16 also fail to define the present in- 

208 vention in merely reciting a product unlimited to use 
in the present invention as a motor fuel anti knock 

agent. These compositions have no broader utility. 

This action is FINAL. Ex parte Hoogendam 499 0. G. 3. 

P. M. NASH, 

Examiner. 

• ••••••••• 

209 ' New York, N. Y. May 12, 1939 

Honorable Commissioner of Patents, 

Washington, D. C. 

Sir: 

This is in response to the Office Action of February 7, 
1939. 

Please amend the above entitled application as follows: 
Claim 1, line 6, cancel “the three methyl-ethyl lead de¬ 
rivatives” and substitute in lieu thereof—lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 2, line 6, cancel “the three methyl-ethyl lead de¬ 
rivatives” and substitute in lieu thereof—lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 3, lines 6 and 7, cancel ‘ ‘ the three methyl-ethyl lead 
derivatives” and substitute in lieu thereof—lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 
Claim 4, lines 6 and 7, cancel “the three methyl- 

210 ethyl lead derivatives” and substitute in lieu thereof 
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—lead tri-methyl-ethyl, lead di-raethyl di-ethyl, and lead tri- 
ethyl-methyl—. 

Claim 5, line 3, cancel “the three methyl-ethyl lead de¬ 
rivatives” and substitute in lieu thereof—lead tri-methf^l- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl— 

Claim 6, lines 2 and 3, cancel “the three methyl-ethyl lead 
derivatives” and substitute in lieu thereof—lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 7, line 3, cancel “the three methyl-ethyl lead de¬ 
rivatives” and substitute in lieu thereof—lead tri-methi7l- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methylt-. 

Claim 8, lines 2 and 3, cancel “the three methyl-ethyl lead 
derivatives” and substitute in lieu thereof—lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri-ethyl-methyl—, 

Claim 9, line 3, cancel “the three methyl-ethyl lead de¬ 
rivatives” and substitute in lieu thereof—lead tri-methyl- 
ethyl, lead di-methyl, di-ethyl, and lead tri-ethyl-methyl—|-. 

Claim 10, lines 2 and 3, cancel “the three methyl-ethyl 
lead derivatives” and substitute in lieu thereof—lead tri- 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-eth>d- 
raethyl—. 

Claim 12, lines 2 and 3, cancel “the three methyl-etl|yl 
lead derivatives” and substitute in lieu thereof—lead tri- 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl—. 

211 Claim 15, line 1, cancel “product” and substitifte 
in lieu thereof—fuel anti-knock composition—, Lilies 
1 and 2, cancel “the three methyl-ethyl lead derivatives” 
and substitute in lieu thereof—lead tri-methyl-ethyl, lead 
di-methyl di-ethyl, and lead tri-ethyl-methyl—. 

Claim 16, line 1, cancel “product” and substitute in l^eu 
thereof—fuel anti-knock composition—. 

REMARKS: 

For convenience the claim suggested in the Official Actilon 
of March 23, 1938 is quoted herein: 
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“Liquid fuel for internal combustion engines of the otto 
cycle multicylinder type comprising a mixture of hydro¬ 
carbons of such varying volatility and forming such vary¬ 
ing air-fuel ratios as to cause material variation in knock¬ 
ing tendency of the several cylinders in operation and con¬ 
taining a small quantity of a mixture of volatile lead alkyls 
consisting of tetra ethyl lead, tri ethyl methyl lead, di ethyl 
di methyl lead, ethyl tri methyl lead, and tetra methyl lead, 
whereby variation in separate cylinder knocking tendency 
is eliminated and the anti-knock value of the fuel is raised.’’ 

Applicant raises two points in answer to the rejection. 

First: Applicant cannot find and the Examiner has not 
pointed out any subject matter in the present application 
which will support this claim or which states that applicant 
is trying to achieve the result claimed. Applicant specific¬ 
ally denies that this claim names a direction or a result 
which the present application endeavors to attain. 

• *••*••••• 

216 Responsive to amendment filed May 15, 1939. 

Applicant contends that the final rejection herein is 
premature on the ground that objection to the term “prod¬ 
uct” was not rhised earlier in claims 15 and 16 and that ap¬ 
plicant was given no opportunity to be heard upon the dis¬ 
claimer. In view thereof the final character of the rejection 
is withdra^\m. 

The claims appear to be in proper form as amended and 
this ground of rejection is withdrawn. 

The rejection of all claims herein upon the disclaimer un¬ 
der rule 96 is repeated. Applicant contends that neither he 
nor any one eWe could make a claim of the terminology of 
the claim suggested under rule 96. 

The specific terms objected to is the final functional 
“whereby” clause defining an effect which applicant con¬ 
tends is impossible and inoperative. Since the proposed 
claim otherwise does define the substance of applicants mo¬ 
tor fuel product and would otherwise function in the motor 
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the same way, in whatever terms this function may be de¬ 
scribed, it is considered that applicant was not warranted in 
disclaiming the same because the present claims define^ no 
patentable substance thereover; that applicant should have 
made this claim, otherwise properly defining his motor fuel 
product and anti knock dope, and objected to what- 
217 ever terms therein he conceived to be objectionable 
interpartes during the motion period as provided in 
Rule 122 and suggested a claim better suited, if he desired, 
as provided in rule 109. 

Since applicant did not do this it is considered that the 
proposed claim is proper prior art herein for reasons 
pointed out. 

This rejection is now made FINAL the period of response 
to which runs from the date of this letter. 

P. M. NASH, 

Examiner. 

• ••••••••• 

220 Examiner^s Statement 

This is an appeal from the final rejection of claims 1-12, 
15 and 16 upon the ground that the subject matter thereof 
is disclaimed under rule 96 for failure to make a count sug¬ 


gested herein for interference. 

The claims on appeal are: 

1. The method of operating an internal combustion en¬ 
gine which comprises forming a combustible mixture bf a 
motor fuel and air, compressing the mixture to a comp|*es- 
sion pressure greater than the critical compression of the 
motor fuel and burning the mixture together within a pri¬ 
mary anti-knock agent comprising a mixture of lead ttri- 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl—. 

2. The method of operating an internal combustion en¬ 
gine •which comprises forming a combustible mixture bf a 
motor fuel and air, compressing the mixture to a compres- 
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sioii pressure ^rbater than the critical compression pressure 
of the motor fuel and burnini!: the mixture together with a 
j)rimarv antiknock agent comprising a mixture of lead tri- 
methyl-ethyl, lead di-methyl di-ethyl, and lead tri-ethyl- 
methyl in which antiknock mixture the lead dimethyl diethyl 
predominates. 

3. The method of operating an internal combustion en¬ 
gine com])rises forming a combustible mixture of a motor 
fuel and air, compressing the mixture to a compression 
pressure greater than the critical compression pressure of 
the motor fuel and burning the mixture together with a pri¬ 
mary antiknock agent comprising a mixture of lead tri- 
methvl-ethvl, lead dimethvl di-ethvl, and lead tri-ethvl- 

inethvl and lead tetraethvl the concentration of the lead be- 

» » 

ing greatest in the lead triethyl methyl and lead tetraethyl. 

•4. The method of operating an internal combustion engine 
which comprises forming a combustible mixture of a motor 
fuel and air, con'ipressing the mixture to a compression pres¬ 
sure greater than the critical compression pressure of the 
motor fuel and burning the mixture together with a primary 
antiknock agent comprising a mixture of lead tri-methyl- 
ethvl, lead di-methvl di-ethvl, and lead tri-ethvl-methvl and 
lead tetramethyl in a concentration not exceeding fifteen 
percent. 

221 5. A product comprising a motor fuel and an anti¬ 

knock material having as its priman.’ antiknock com¬ 
ponent a mixture of lead tri-niethyl-ethyl, lead di-methyl di- 
ethvl, and lead tri-ethvl-methvl. 

6. A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl. 

7. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methvl-ethvl, lead di-methvl di-ethvl, and 
lead tri-ethyl-methyl, in which mixture the concentration of 
lead dimethyl diethyl predominates. 
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8. A product comprising a motor fuel and a primary anti¬ 
knock agent consisting of lead tri-methyl-ethyl, leajd di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl, in Avhich th^ con¬ 
centration of lead dimethyl diethyl predominates. 

9. A product comprising a juotor fuel and an antiknock 
material having as its primary antiknock component ^ mix¬ 
ture of lead tri-methvl-ethvl, lead di-methvl di-ethvl, and 
lead tri-ethvl-methvl, and lead tetramethvl in a concentra- 
tion not exceeding fifteen percent. 

10. A product comprising a motor fuel and a primary an¬ 
tiknock consisting of lead tri-methyl-ethyl, lead di-methyl 
di-ethyl, and lead tri-ethyl-methyl, and lead tetra-methyl in 
a concentration not exceeding fifteen percent. 

11. A product comprising a motor fuel and an antiknock 
agent comprising lead tri-methyl ethyl, lead dimeth}|d di¬ 
ethyl, lead triethyl methyl and lead tetraethyl and in ’^diich 
the greatest lead concentration is in the group consisting of 

lead triethvl methvl and lead tetraethvl. I 

* » » 

12. A product comprising a mixture of a motor fuel, a 
primary antiknock agent consisting of lead tri-methyl-([thyl, 
lead di-methyl di-ethyl, and lead tri-ethyl-methyl; and lead 
tetramethvl and lead tetraethyl present in relatively ^mall 
concentrations. 

15. A fuel and antiknock composition comprising a 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl^ and 

lead tri-ethvl-methvl and lead tetramethvl in a concehtra- 

• * * ' 

tion not exceeding fifteen percent. 

16. A fuel anti-knock composition comprising a mixture 
of lead tri-methyl ethyl, lead dimethyl diethyl, lead trij?thyl 
methvl and lead tetraethvl with the greatest lead concehtra- 

tion in the lead triethvl methvl and lead tetraetthvl. 

» » * 

The proposed claim under rule 96 is copied: 

222 “Liquid fuel for internal combustion engines of 
the otto cycle multicylinder type comprising a mix¬ 
ture of hvdrocarbons of such varving volatilitv and forming 
such varying air-fuel ratios as to cause material variation 
in knocking tendency of the several cylinders in operrjition 


mix- 
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and containing a small quantity of a mixture of volatile lead 
allads consisting of tetra ethyl lead, tri ethyl methyl lead, 
di ethyl di methyl lead, ethyl tri methyl lead, and tetra 
methyl lead, whereby variation in separate cylinder knock¬ 
ing tendency is eliminated and the anti-knock value of the 
fuel is raised.” 

Other references of record; 

Sullivan 1,938,547 Dec. 5,1933 

Voorhees 1,974,167 Sept. 18,1934 

Shappiro 2,-12,356 Aug. 27,1936 

The invention disclosed is concerned with improvement 
of motor fuels such as gasoline with respect to its tendency 
to knock in multicylinder internal combustion engines by ad¬ 
dition of lead alkyls as anti-knock dope. Applicant pro¬ 
poses use of certain mixtures of lead alkyls as anti-knock. 

The prior art listed shows the use of lead alkyls in ad¬ 
mixture and applicant admits that it lies within the skill of 
the art to use ordinary mixtures of lead alkyls as anti-knock 
dope. 

Applicant’s mixture is one of adjusted volatility and anti¬ 
knock etfect thru use of mixtures of lead methyl and ethyl 
derivatives such as lead tetraethyl, lead tetramethyl and 
inteimediate alkyls, lead tri-ethyl-methyl, di-ethyl di-methyl 
and tri-methvl-ethvl. 

In ordinary qarburetion of an air-fuel mixture compris¬ 
ing a mixture of air, fuel vapor and unvaporized suspension 
therein of liquid fuel particles, inertia effects upon the sus¬ 
pended particles of variable distances the mixture travels 
to the several cylinders, variable speeds of operation 
223 as rapid acceleration, starting, stopping as well as 
temperature variation, wdll give variation in the fuel- 
air charge actually received by individual cylinders. This 
variation results in different knocking tendencies of the sev¬ 
eral cylinders. 

By using a mixture of lead alkyls of variable volatility 
and anti-knock value to be added to the fuel, applicant con- 
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tends that this condition is improved due at least in part 
to better distribution of anti-knock under such variable 
conditions. 

As the examiner understood the invention, a claim as 
copied above was formulated to express the same and pro¬ 
posed under rule 96 to applicant and other parties. The 
claim was adopted by other parties and this claim hais be¬ 
come the basis of an interference contest, but applicant re¬ 
fused to make this claim from which action the present re¬ 
jection of all claims upon the rule 96 disclaimer stems. 

Applicant argues that the proposed claim is inoperative 
and he has no basis therefor, at least in the functional 
clause, 

“whereby variation in separate cylinder knocking tendency 
is eliminated—.” 

Therefore he refused to make the claim and contends 
that his present claims substantially amended shouLi be 
allowed. 

It is the Examiner’s position that the suggested cpunt 
is not inoperative, does express the invention in all material 
aspects, and should have been made at least for purpos^ of 
interference and any objection thereto raised inter-pjirtes 
or the burden of formulating better claims accepted as pro¬ 
vided by the interference rules, hence all claims herein, are 
deemed properly rejected on the disclaimer. 

In the Examiner’s view a claim suggested for the pur¬ 
pose of interference is at least notice to an applicant that 
interfering applications exist in the Patent Office, claiming 
common subject matter and the proposed claims formulated 
by the Examiner are not necessarily the exact claims of any 
of the prospective parties and are subject to iiiter- 
224 partes modification according to the rules. 

Basis is found for applicant’s present claims in the 
applications of other parties for which applicant may not 
be the first inventor and the claims therefore cannot be al¬ 
lowed to him without a contest of priority thereon, an^ un¬ 
der rule 96, the refusal of interference by disclaimer is 
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deemed to be a disclaimer of all common subject matter and 
in such case the validity of the claim actually suggested is 
not an issue. 

Considering however the merits of the contention that the 
claim suggested is invalid, it is noted the claim is drawn to a 
motor fuel composition stated to have certain properties. 
By extreme interpretation applicant contends that his com¬ 
position does not have such property. However, applicant 
discloses the same composition as defined in the proposed 
claim and uses it in the same way. The properties thereof 
are inherent and will be the same in all cases however de¬ 
scribed. Certainly a motor fuel composition as disclosed 
by applicant cannot be patentable over a composition sug¬ 
gested by the Examiner because applicant argues that his 
composition will not ‘ ‘ eliminate the separate cylinder knock¬ 
ing tendency”. 

Thus it is noted that irrespective of the final functional 
“whereby” clause, the claim does define the motor fuel com¬ 
position disclosed by applicant and therefore defines all that 
is material in applicant’s invention. 

But considering applicant’s argument more specifically 
that the claim is inoperative because it is not possible to 
“eliminate the separate cylinder knocking tendency”, it 
can only be pointed out that the dope comprising the mixed 
lead alkyls of different volatilities is an adjustment in 
225 this direction. Applicant only uses the mixed lead 
alkyls because they have different volatilities and the 
lighter ones uMer certain conditions volatilize better and 
tend to overcome the knocking tendency in cylinders of in¬ 
creased air-fuel ratio (abnormally lean mixtures). The 
more volatile lead alkjds have decreased intrinsic anti-knock 
value as compared to other lead alkyls. They are there¬ 
fore used only admixed with other less volatile better anti¬ 
knocks. In short, the more volatile anti-knocks are used 
with due appreciation of their low anti-knock character in 
admixture with better anti-knock. But applicant admits as 
sho-wm by the art that the use of mixtures of lead alkyls is 
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old, admits that each of his specific lead alkyls is old| and 
emphasizes throughout that no lead alkyl alone or ih ad¬ 


mixture is as good in intrinsic anti-knock value as 


lead 


as 

tetraethyl per se 

How then can anything involve invention herein etcept 
the specific combination of lead alkyls in admixture to solve 
a specific problem? 

Applicant’s specification is a scientific treatise on the 
separate cylinder knocking tendency due to poor fuel dis¬ 
tribution. 

This is the problem applicant solves and he does this by 
use of a mixture of lead alkyls superior to solve this i})rob- 
lem, because the separate cylinders get the anti-knock dope 
when they need it, not -withstanding none of the dope -wfould 
be as good as lead tetraethyl per se in a perfect fuell dis¬ 
tribution system. 

Thus the mixture of alkyls is most important to elimi¬ 
nate the separate cylinder knocking tendency, which varies 
with different operating conditions, while incidently raising 
the anti-knock value of the fuel overall. This is whai^ the 
suggested claim defines. This is also what applicant sai/s is 
moperative —^he cannot eliminate the separate cylinder 
knocking tendency. 

226 Applicant interprets the ‘ ‘ whereby ’ ’ clause to ijiean 
that each cylinder charge must have exactly the same 
anti-knock value, but this is beyond any reasonable inter¬ 
pretation of the claim. Two cylinders of different 
charges of different anti-knock hydrocarbon types, of 
ferent air-fuel ratios and of different lead alkyls 
knock dope content could rarely have the same anti-kpock 
value. For purposes of the claim it is sufficient that neither 
cylinder knocks under the ordinary range of operating jcon- 
ditions of the motor. This is what applicant says in effect 
(page 18, 2nd paragraph). 

If a motor fuel were doped with a mixture of lead al^ls 
of the type defined herein for the purpose of renderiijg it 
anti-knock in all cvlinders over the whole range of ufeual 

w j 

operating conditions of a multicylinder motor, the terms of 


fuel 

dif- 

{knti- 
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the suJTsrested claim would be met. Hence such strained in- 
terpretation that each cylinder must attain the absurd con¬ 
dition that it has exactly the same tendency to resist knock¬ 
ing as all the others of a multicylinder engine is not justi¬ 
fication for the disclaimer herein. 

Tt is summarized therefore— 

(1) that applicant has basis for all limitations in a motor 
fuel composition claim suggested under rule 96 for inter¬ 
ference and disclaimed; 

(2) that the present claims do not patentably distinguish 
the disclaimed matter; 

(3) the present claims could not be allowed to applicant 
at least for the reason that he may not be the first inventor 
thereof and has already refused a contest of interference 
upon not patentably distinguishable subject matter by dis¬ 
claimer. 

227 It is considered to be properly held that all claims 
herein are rejectable upon this disclaimer. 

Respectfully, 

P. M. NASH, 

i Examiner. 

256 Endorsed: U. S. Patent Office Board of Appeals 
Oct 15 1940 jNIailed 

In the United States Patent Office 
Before the Board of Appeals 
Ex parte Earl Bartholomew 

Application for Patent filed September 4, 1936, Serial 
No. 99,497. Method and Means for Improving Engine Op¬ 
eration. 

Mr. Joe W. Morrison for applicant. 

This is an appeal from the final rejection of all claims 
remaining in the application, namely, 1 to 12, 15 and 16. 

Claims 1, 3, 4, 5, 9 and 11 are illustrative. 








1. The method of operating an internal combustioh en¬ 
gine which comprises forming a combustible mixture of a 
motor fuel and air, compressing the mixture to a compres¬ 
sion pressure greater than the critical compression (pres¬ 
sure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixtuj'e of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri- 
ethvl-methvl. 

w •> 

3. The method of operating an internal combustion en¬ 
gine which comprises forming a combustible mixture | of a 
motor fuel and air, compressing the mixture to a compres¬ 
sion pressure greater than the critical compression pres¬ 
sure of the motor fuel and burning the mixture together 
with a primary antiknock agent comprising a mixtuife of 
lead tri-methyl-ethyl, lead di-methyl di-ethyl, and lead tri- 
ethyl-methyl; and lead tetraethyl the concentration of the 
lead being greatest in the lead triethyl methyl and Ilead 
tetraethyl. 

• i 

257 4. The method of operating an internal comjbus- 

tion engine which comprises forming a combustible 
mixture of a motor fuel and air, compressing the mixture 
to a compression pressure greater than the critical (|om- 
pression pressure of the motor fuel and burning the fix¬ 
ture together with a primary antiknock agent comprising 
a mixture of lead tri-methyl-ethyl, lead di-methyl di-thyl, 
and lead tri-ethyl-methyl; and lead tertamethyl in a con¬ 
centration not exceeding fifteen percent. 


5. A product comprising a motor fuel and an antikiioch 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, ^nd 
lead tri-ethyl-methyl. 

9. A product comprising a motor fuel and an antiknock 
material having as its primary antiknock component a mix¬ 
ture of lead tri-methyl-ethyl, lead di-methyl di-ethyl, and 
lead tri-ethyl-methyl, and lead tetramethyl in a concentra¬ 
tion not exceeding fifteen percent. 

11. A product comprising a motor fuel and an antiknpck 
agent comprising lead tri-methyl ethyl, lead di-methyl | di- 
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ethyl, lead triethyl methyl and lead tetraethyl and in which 
the greatest lead concentration is in the group consisting 
of lead triethyl methyl and lead tetraethyl. 

The patents cited by the examiner are as follows: 

Sullivan et al 1,938,547 Dec. 5, 1933 

Voorhees 1,974,167 Sep. 18, 1934 

Shappirio 2,012,356 Aug. 27, 1935 

The appealed claims relate to the matter of reducing 

knock in internal combustion engines employing gasoline. 
As may be noted from the quoted claims, the subject matter 
is set forth first as a method comprising a mixture with a 
fuel charge of i:ertain lead alkyl compounds and in the sec¬ 
ond place as a fuel containing such lead alkyls. Applicant 
employs the live possible lead compounds of methyl and 
ethyl including mixtures. He prefers employment of the 
three mixed alkyls but may include the tetra compound of 
both methyl and ethyl. 

The claims have been rejected as not patentably different 
from a claim that was suggested under the provisions of 
Rule 96 for purpose of interference and which appli- 
25S cant refused to make and in connection with the cita¬ 
tions. Certain citations of the prior art are shown 
as illustrative of the status of this subject matter in this 
antiknock art. 

The suggset<?d claim which was embodied in the examin¬ 
er’s letter of March 23,1938 is as follows; 

Liquid fuel for internal combustion engines of the otto 
cycle multicylinder type comprising a mixture of hydrocar¬ 
bons of such varying volatility and forming such varying 
air-fuel ratios as to cause material variation in knocking 
tendency of the several cylinders in operation and contain¬ 
ing a small quantity of a mixture of volatile lead alk\ds con¬ 
sisting of tetra ethyl lead, tri ethyl methyl lead, di ethyl di 
methyl lead, ethyl tri methyl lead, and tetra methyl lead, 
whereby variation in separate cylinder knocking tendency 
is eliminated and the anti-knock value of the fuel is raised. 
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The quoted claim includes all five of the possible comb|[na- 
tions of lead with methyl and ethyl and their mixed fornts. 

It is contended on behalf of applicant that the propc sed 
claim does properly represent his invention and furtlier, 
that it cannot be read upon applicant’s disclosure and state¬ 
ment of invention, that applicant regards the features; of 
the appealed claims to be inventive and patentably differ¬ 
ent from the proposed claim. We regard this as the ques¬ 
tion presented for determination here. 

Much discussion is presented by applicant in respect to 
avoiding or eliminating variation in separate cylinjder 
knocking tendency rather than merely broadly reducjing 
knock. Applicant illustrates by drawing and disclosure 
how this is said to be attained involving largely a selection 
and adjustment as between the several lead alkyl members. 

In treating the situation we shall assume that the 
259 suggested claim together with the three citations ^nd 
the patent to Midgley 1,573,846 discussed in appli¬ 
cant’s brief as representing, in effect, the state of the hrt, 
are available as references. It seems clear upon inspection 
of the situation generally that the claim suggested for inier- 
ference by applicant is so close to and doubtfully different 
from the disclosure of applicant’s case that applicant en¬ 
tailed the consequence of Rule 96 in not making the same. 

We have carefully considered the matters of merit of the 
disclosure in connection with such above noted prior ar| or 
grounds of rejection and conclude that we can see no suffi¬ 
cient line of patentable difference to warrant allowanct; of 
the appealed claims thereover. Taking the total of the avail¬ 
able prior art including the suggested claim, it is our comdu- 
sion that the appealed claims represent only matter of rou¬ 
tine test and choice of one or more or combinations of the 
several available lead alkyls of the suggested claim. We 
believe the patents are suggestive of trying various selected 
mixtures of lead alkyls though admittedly not of exactly the 
limitations of the appeal claims. However, we regard the 
difference as not involving invention. 
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We find no error in tlie examiner’s conclusions as based 
mainly upon the suggested claim in one instance or as upon 
this claim in view of the collateral showing of the state of 
art. 

The decision of the examiner is affirmed. 

BOARD OF APPEALS 

EUGENE LANDERS, 

Exammer-in-Chief 
W. L. REDROW 

Examiner-in~Chief 
B. B. PIERCE 

I Examiner-in~Chief 

October 15, 1940 

• • • • # * • • 

268 On Request for Clarification and Reconsideration 

In response to petition for clarification and reconsidera¬ 
tion filed November 7,1940 of our decision dated October 15, 
1940. 

It was not intended to raise any new ground of rejection 
in our decision. The state of the art was referred to merely 
as background of the situation, the same as, but to no 
greater extent than was done by the examiner in the para¬ 
graph, middle of page 3 of his answer. 

Reopening of the prosecution is not approved. 

The features re-emphasized in the additional remarks 
were given full consideration in reaching the conclusions 
stated and have been reconsidered without finding reason 
for changing our decision. 

269 No change is necessary in the sentence of our de¬ 
cision discussed on page 3 of the remarks. The clause 

by applicant modifies the word “interference” and not the 
word “suggested” as assumed by counsel. 
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For the reasons noted in our decision and herein the 
cision of the examiner is affirmed. 


ae- 


Mr. Joe W. Morrison, 
c/o Ethyl Gasoline Corp., 
Chrysler Bldg., 

New York, N. Y. 

November 14, 1940. 

• • • • • 
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Examiner-in-Chief 
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Examiner-in-Chief 
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Examiner-in-Chief 
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I^GAS OUTLET 



I 

FIG 1 VALVE FOR SAMPLING MIXTURE iN THE 
cylinders of a MULTICYLINOER ei^igine 
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AUXILIARY BREAKER 
MOUNTED ABOVE REGULAR 



FIG.2 DIAGRAMMATIC SKETCH OF MIXTURE SAMPLING 
VALVE AND ASSOCIATED EQUIPMENT. 












































Antiknock Value 
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By Earl Bartholomew, Harold Chalk, and Benjamin BreVster 

Ethyl CcMclinm Corp. I 




I NCREASED performance at high speed, which 
is an important characteristic of cars built 
during the last few years, has required the use of 
intake manifolds of considerably greater cross- 
sectional area which, together with certain other 
changes in engine design, cause unequal distribu¬ 
tion of the less volatile portions of the fuel not 
vaporized in the manifold. Consequently, the fuel 
which enters the cylinders varies in composition. 
If other conditions are equal, the relative knock¬ 
ing tendency of the cylinders is determined by the 
distribution of antiknock value through the frac¬ 
tions of the fuel and by the air-fuel ratios of the 
mixtures in the cylinders. Ordinarily the leanest 
cylinder knocks the most. 

Fuels rated in the laboratory by conventional 
methods as having equal antiknock value may 
differ considerably in road performance because 
of differences in volatility and distribution of anti¬ 
knock value through their fractions. The problem 
is complicated further by differences in ^e vola¬ 
tility of the commonly used secondary reference 
fuels. 

Recently developed instrumentation permits 
the determination of the knocking tendency, air- 
fuel ratio, and spark advance for the individual 
cylinders of an automobile engine on the road. 
A modified fuel system and intake manifold for 
the C.F.R. engine make possible the duplication 
and measurement in the laboratory of the effects 
caused by imperfect fuel distribution within the 
car engine. 

D uring the past six years the development of labora¬ 
tory testing methods to give knock ratings that cor¬ 
relate with the ratings obtained in cars on the road 
has been a major problem of the oil refiner and car manufac¬ 
turer. After the cooperative road-testing program at Union- 
town, Pa., in 1932 a laboratory procedure was developed which 
gave ratings agreeing remarkably well with the road ratings. 
The ratings obtained on the road in the second Uniontown 

(Tbi* paper was preiented at the Annual Meetinc of the Society, De¬ 
troit. Mich., Jan. 14, 1938.1 


program in 1934, did not agree quite so well with ratings 
obtained by the Motor Method. [ 

Since that time road ratings haVe tended to deviate more 
and more from the consistent pattern which characterized the 
earlier ratings. This deviation applies to average road ratings 
and particularly to ratings in individual cars. Fuels which 
have approximately the same Motor and Research Method 
ratings may have road ratings as ijiuch as 8 octane numbers 
higher or lower than their laboratjory ratings. Fuels which 
have a fairly large difference betjween their Research and 
Motor Method ratings may, on thj; road, show no apprecia¬ 
tion over their Motor Method ratings, and others having the 
same difference between their Rcspuch and Motor Method 
ratings in the laboratory may, under the same conditions of 
car operation, have road ratings considerably higher than their 
Research-Method ratings. | 

As an example of such performance we may consider the 
ratings of two specially blended fuels whose road and labora¬ 
tory ratings are ubulated below: | 

Table 1 - Road and Laboratory jKnock Ratings of Two 



Specially Blendct 

1 Fuels 





Average 





of Winter 

Winter 


Research- 

Motor- 

Road 

Road Rating 


Method 

Method 

Ratings in 

in Car 

Fuel 

Rating 

Rating 

j Eleven Cars 

No. 155 

6 

72.9 

75-6 

7 M 

67.6 

S-ii 

71.7 

73.8 

74.8 

80.0 

The average 

road rating 

of fuel 

$-6 is subsuntially lower 


than either its Motor- or Research-Method rating, and the 
average road rating of fuel S-ii is considerably higher than 
either its Motor- or Rcsearch-Methpd rating. Although the 
Research- and Motor-Method ratings of the two fuels differ 
by I .a and 1.8 oeune numbers re$])ectively in one direction, 
their ratings in Car No. 155 diffei by 12.4 ocune numbers 
in the opposite direction. 

Car No. 155 is highly satisfactory for knock-testing pur¬ 
poses, being rdatively free of noisejs other than that due to 
knock and having more than avenge sensitivity to changes 
in fuel ocune number. The influence of certain engine 
variables such as speed, spark advice, and temperature on 
the relative antiknock value of different types of fuels is 
recognized generally, and may be! demonstrated readily in 
the laboratory on single-cylinder engines such as the A.S.TA 1 .- 
C.F.R. engine, but no variations of the Motor and Research 
Methods which have been tried, involving only changes m 
speed, temperature, and spark advance, have served to bring 
the laboratory ratings of these fuels 
road ratings. 


into a greem ent with the 
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Changes in Engine Design and Fuels 

A study of such data obtained in numerous laboratories 
during the past three years led to the suspicion that some 
factor or combination of factors as yet neglected in the stand¬ 
ard laboratory knock-testing procedure, in some cases, may 
have roughly as great an influence on road ratings as have 
engine speed and temperature. Since the serious disagree¬ 
ment of road ratings and laboratory ratings made by the 
generally esublished procedures, or simple variations thereof, 
is of relatively recent origin, the changes in engine design 
which may account for such deviations arc of immediate in¬ 
terest. The following changes seem to warrant attention: 

(i) Increased cross-sectional area of inuke manifolds in 
conjtinction with the general adoption of down-draft car¬ 
buretors having larger tube diameters, resisting in consider¬ 
ably lower intake-manifold velocities in the low-speed range 
of the engine, to which knocking now is confined generally, 
(a) The automatic choke. ' 

(3) Decreased mixture heating by the exhaust gases and 
the use of automatic heat-control valves whose operation is 
controlled largely by the temperature of the air surrounding 
the bi-metallic dement. 

(4) The elimination of thermostatically controlled radiator 

shutters. ' 

__ I 

> S«e S.A.E. Tbaksactioki. April. 1937. pp. 144-14$; “Relative Knock- 
inc Charactcrittict of Votor Fuel* ia Service." by John M. Campbell. 
Wheeler C. Lovell, and T. A. Boyd. 



FIG.I VALVE FOR SAMPLING MIXTURE IN THE 
cylinders of a MULTICYUNDER ENGINE. 


In addition to these engine-design factors there is the pos¬ 
sible efiea of recent devdopments in gasoline production such 
as polymerization, reforming, and new cracking methods. It 
is the purpose of this paper to review some of the recent work 
in the laboratories of the Ethyl Gasoline Corp. which has had 
for its purpose: 

(1) The explanation for at least some of the previously 
described unusual performance of fuds in cars on the road. 

(2) The devdopment of improved instrumentation for the 
analysis of events in the intake manifold and cylinder. 

(3) The formulation of principles to govern the sdcction 
of fuds to meet best any given set of manifold and carburetion 
conditions. 

The paper is designed to present fundamental principles 
that apply to a complex problem, hence, in the interest of 
simplification, the discussion is confined in so far as possible 
to typical conditions to be met. 

Campbell, Lovdl and Boyd^ pointed to the probability that 
mixture ratio and fud volatility affect the relative antiknock 
value of fuds and Qted tests in cars on the road which 
appeared to confirm the hypothesis. The work in the labo¬ 
ratories of the Ethyl Gasoline Corp. indicates that fud 
volatility, variation of fuel antiknock value with distillation 
temperature, carburetor air-fuel ratio, design of the intake 
manifold and associated parts, variation of other conditions 
which affect fuel distribution within the engine, and the ref¬ 
erence fuels used, all have.an important bearing on the rdative 
knock ratings of fuds. 

Fuel Distribution Within the Engine 

Fuel of substantially uniform composition is distributed to 
all the cylinders of a multicylinder engine in approximatdy 
equal proportions with the admixed air if the available heat, 
time of contact of air with fuel, and the agitation of the mix¬ 
ture are sufficient to vaporize the fuel completely and mix it 
homogeneously with the air, or if the manifold vdocity is 
high enough to carry the liquid fuel in the air stream by 
entraiiunent. High volumetric efficiency of automobile en¬ 
gines has been obtained only with reasonably low intake- 
manifold vdodty. The high brake mean effective pressures 
at high engine speed in recently built cars require the use of 
inuke manifolds of large cross-sectional area and a minimum 
of mixture heating. Both of these design features are dia¬ 
metrically opposed to good fud distribution at low car speeds 
where knocking has become most prevalent. It is impossible 
to combine in a single conventional unsupercharged manifold 
the most satisfactory characteristics for both high- and low- 
speed operation. 

The determination of the air-fud ratios of the mixtures 
entering the individual cylinders of a multicylinder engine on 
the road has always presented a problem. Samples of exhaust 
gases withdrawn from the exhaust manifold as dose as pos¬ 
sible to the exhaust valves are invariably contaminated by 
products of combustion from other cylinders. The substitu¬ 
tion for the conventional manifold of a separate exhaust suck 
for each cylinder destroys the sundard hot-spot arrangement 
and considerably increases the temperature under the hood. 
The most desirable approach is the sampling of the mixture 
within each cylinder. This procedure has been made possible 
by the combination spark-plug and gas sampling valve shown 
in Fig. I. The small solenoid valve between the cylinder and 
the gas sampling tube has only a small movement and remains 
open for a very short period. Its operation is controlled by 
an auxiliary breaker mechanism mounted above the conven¬ 
tional distributor and driven by the distributor shaft. At the 
insunt the points of the auxiliary breaker close, a condenser 
in the circuit discharges a relatively heavy current through 
the solenoid coil and causes the valve to open momentarily. 
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At ail other times the valve is held in the closed position by 
the pressure of a coil spring. 

The complete apparatus is shown diagrammatically in 
Fig. 2. When a sample is to be obtained, the vacuum pump, 
which is driven by a motor which draws its current from a 
6-220 volt motor-generator set, evacuates the gas sampling 
tube to an absolute pressure of about 5 mm. mercury. The car 
is accelerated under the conditions prevailing in the road 
knock test and the valve is allowed to operate only within the 

5 m.p.h. speed range of maximum knock intensity. From 

6 to 8 repetitions of the acceleration are required to fill the 
gas sampling tube to atmospheric pressure. The procedure is 
then repeated for the other cylinders. 

Table 2 - Air-Fuel Ratios of the Mixtures in the Cylinders of 
an Automobile Engine at 10 to 15 M.P.H. 
Atmospheric Temperature, 56 Deg. Fahr., 

Fuel of Winter Volatility 
Cylinder No. 


12345678 
14.59 *6.01 13^9 14.13 12.63 11.56 15.27 12.37 

Average air-fuel ratio, all cylinders. 13.6 

Average for cylinders 1, 2, 7 and 8. 14.4 

Average for cylinders 3, 4, 5 and 6 12.8 


Table 2 shows the air-fuel ratios for the individual cylinders 
of a certain car during acceleration at 10 to 15 m.p.h. at an 
atmospheric temperature of 56 deg. fahr., as determined by 
the apparatus shown in Fig. 2. The mean air-fuel ratio com¬ 
puted from these data is shown, also the computed means for 
cylinder groups 1, 2, 7 and 8 and 3, 4, 5 and 6, each of which 
is fed by a single barrel of a dual down-draft carburetor. 

For the same conditions of operation, the mean air-fuel 
ratio is normally richer than that shown in Table 2. There 
is, however, always a tendency for a portion of the heavy 
ends of the acceleration charge to lag behind the air-vapor 
mixture for a short period after the sudden opening of the 
throttle, with the result that the mean cylinder air-fuel ratio 
is momentarily leaner than after the lagging liquid fuel starts 
to flow into the cylinders. TTiis factor may, in part, account 
also for the difference between the mean air-fuel ratios for 
the two groups of cylinders, inasmuch as the manifold for 
cylinders i, 2, 7 and 8 is longer than that for the remaining 
cylinders and has more surface to be wet by the acceleration 
charge. It should be noted that the rear cylinder of each 
group receives the richest mixture, presumably because of the 
forward motion of the car which tends to cause liquid fuel 
to accumulate in the rear of the manifolds. 

The air-fuel ratio of the mixtures in cylinders i, 2, 7 and 8 
varies from 12.37 16.01. Often the variation is greater. The 

mechanism by which fuel and air are delivered to the cylin¬ 
ders in such a wide range of proportions appears to be as 
follows: 

Air and fuel are metered by the carburetor and enter the 
nunifold. The magnitude of the fraction of the fuel in the 
vapor state as the mixture leaves the manifold is a function of 
the heat in the fuel and air supplied to the carburetor, the 
heat added by the manifold, the volatility and latent heat of 
the fuel, and the efficiency of mixing in the manifold. Al¬ 
though the available heat may be adequate to ensure complete 
vaporization under equilibrium conditions, the time of con¬ 
tact and degree of mixing in the manifold may not be suf¬ 
ficient to bring about this condition. 

The air and the lighter fractions of the fuel, vaporized in 
the carburetor and manifold, are distributed substantially 
equally to the cylinders. A part of the unvaporized, less 
volatile portion is distributed fairly uniformly by entrainment 
with the air, but the quantity of heavy ends so distributed 
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becomes less as engine speed decreases and appears to be 
small at low engine speed. | 

The remainder of the heavyj liquid portion is distributed 
unequally to the cylinders, thej quantity entering any given 
cylinder depending on the shaM, cross-sectional area and in¬ 
clination of the manifold, engipe speed, surging of the mix¬ 
ture within the manifold, and other factors. Thus, in the 
three typical cases, one or mo'c cylinders may receive sub¬ 
stantially only air and the lighter ends which leave the mani¬ 
fold in the vapor state; others n^ay receive air, vaporized light 
ends and liquid heavy ends in approximately the same air-fuel 
ratio as that of the mixture leaving the carburetor, and still 
others may receive air, vaporizejd light ends and liquid heavy 
ends in the same proportions a|s in the second case plus the 
liquid heavy ends which, under |conditions of perfect distribu¬ 
tion, would have entered the Ant-mentioned cylinder or group 
of cylinders. Other cylinden may receive liquid heavy ends 
in any amounts between the tws limits just described, and it 
would be possible for one or rpore cylinders to receive even 
more liquid heavy ends than tljc richest cylinder cited. The 
three typical distribution conditions are summarized in 
Table 3 in which the fuel entering the carburetor is assumed 
to contain L lb. of light ends, which leave the manifold in 
the vapor sgite, for each H lb. of heavy ends that leave the 
manifold in the liquid sute. 

Table 3-Three Typical Fuel I^istribution Conditions in the 
Muldcylindcir Engine 


Cylinder 
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ceived by 
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Assume, for example, in the case of cyiinder group x, a, 7, 
and 8 of the engine in Table a, that the average cylinder air- 
fuel rado was eqtial to the carburetor air-fud ratio, that no 
liquid fuel was distributed by entrainment, and that the 
leanest cylinder received only vaporized fud, in an amount 
equal to that distributed to each of the remaining cylinders, 
along with varying amounts of liquid fud. The fraction of 
the fud entering cylinders x, 2, 7, and 8 which left the mani¬ 


fold in the vapor sute was too X = 90-0 per cent. If 

x6.ox 

M in Table 3 is taken as i lb. (L -{- H) for cylinders i, 2, 


7, and 8 was-= 0.0695 lb. L was—— 

14^ 16.01 


H was 0.0695 — 0^)625 = 0.0070 lb. 


M 


L + 2H 


— 0.0625 lb. 
= 13.08, 


which is the air-fud ratio that would have existed in one or 
more of the cylinders if they had reedved air and fud in the 
same proportions as cylinder C of Table 3. Actually no cylin¬ 
der in this group received such a mixture, but cylinder 8 
received a mixture having an air-fud ratio of 12.37, 
0.0809 Ih. of air, consisting of L lb. of vaporized 

light ends and 2.63 H lb. of liquid heavy ends. 


Effect of Variable Fuel Distribtxdon on Knocking 

The non-uniform distribution of fud to the cylinders as 
just described gives rise to two conditions which arc of viul 
importance in the fud-knocking problem, namdy: 

(1) The air-fud ratios of the mixtures in the cylinders may 
vary widdy and cause a substantial variation in knocking ten¬ 
dency among the cylinders. 

(2) The composition of the fud in the cylinders may be 
quite different and cause a variation in knocking tendency in 
addition to that introduced by the differeiKcs in air-hiel ratios. 

Because of these conditions, independent of all others, there 
is ample cause for a marked variation in the knocking ten¬ 
dency of the hid in the individual cylinders of an engine 
operated under conditions of imperfea distribution. Whether 
the cylinders of Type A, B ot C (Table 3) have the greatest 
knocking tendency depends on the following three faaors: 

(X) The carburetor air-fud ratio. 

(2) The degree of vaporization and hence the magnitude 
of the variation in cylinder air-fud ratio. 

(3) The relative concentration of antiknock value in the 
vaporized light ends and the unvaporized heavy ends of the 
fud. 

Adaptation of the Single-Cylinder l^gine 

The laboratory knock-testing engine, operated in the con¬ 
ventional manner, permits no prediction of the behavior of a 
fud under variations of the thra conditions just enumerated. 
Under such a procedure it is useful only for the evaluation 
of the knocking tendency of a fud under a range of cylinder 
conditions when the composition and air-fud ratio of the 
mixture entering the cylinder are the same as for the mixture 
leaving the carburetor. 

A fundamental study on a multicylinder engine of fud 
distribution and its effect on knocking is surrounded by many 
difficulties. The richness of the mixture which enters the 
several cylinders can be determined most conveniently by 
exhaust-gas analysis as described previously. The knocking 
tendency of the fud in the individual cylinders is not measur¬ 
able by any instrumentation devdoped to date but can be 
evaluated by audibility methods to be described later. The 
maintenance of constant conditions of operation is difficult 

•See S.A.E. T»*»*aCTIOi«i. June, 1937. p. 2S0: E*rl Bartbolbinew’t dii- 
CnMion of "loilacooc of oa Knock lUtinx*.*' by J. It. MacCreeor. 

• See S.A.E. Tvahiactioiis. March. 1936. p, 97; Earl Bartholotnew’t di*- 
russion of "ReUtioa of F . xh a m t-Ca i Compoahion to Air-Fuel Ratio.” br 
B. A. D'Allera and W. C; LoeeQ. 


b e cau s e of uncontrollable variations in ignition timin g and in 
temperatures. It is, therefore, highly desirable to adapt the 
C.FJL engine to the study of this problem, inasmuch as the 
above-mentioDed variations in operating conditions have been 
minlmiyfd i 

Fig. 3 shows four intake manifcJds for the C.FJL engine 
which have been designed to permit a study, under contn^ed 
conditions, of the effects on knocking caus^ by variations of 
fud distribution in the multicylinder engine. In the arrange¬ 
ment shown in Fig. yi (upper left), a short spacer bolted 
directly to the engine cylinder is fitted with a thermometer 
for the indication of mixture temperature. A standard CFJ(. 
manifold, with its mucture heater, is bolted to the spacer, the 
flange normally bolted to the carburetor being attached to the 
spacer. A specially designed water-jacketed manifold section 
is provided with two flanges, one of which is connected to 
the sundard CJFJR. manifold and the other to the standard 
CJF.R. carburetor body. 

After the fuel-air mixture leaves the carburetor, it is forced 
to flow down through the jacketed section of nianifcdd and 
up through the standard CJFJ(. manifold before entering the 
cylinder. Unvaporized fuel which is not carried into the 
cylinder by entrainment in the air stream drains from the 
jacketed section of the manifold into a graduated burette. 
The degree of fuel vaporization is control!^ by the tempera- 
tine of the water that enters the manifold jacket. Water is 
heated or cooled eternally and mixed with tap water to pro¬ 
duce the temperature required to effect the desired degree of 
vaporization. Any final mucture temperature higher than that 
existing in the ja^eted manifold may be obtained by the use 
of the standard C JJl. mixture heater. 

In order that the rate of carburetor fuel consumption may 
be measured, the standard CJFJ(. integral float-bowl and fuel- 
container assemblies are replaced by separate float-bowl and 
fuel<onuincr assemblies from the Series 30 engine. Three- 
way cocks and graduated glass bulbs permit the volumetric 
measurement of fuel entering the carburetor. An air-condi¬ 
tioning unit, as described in the June, X937, issue of the SAJE. 
Journal, page 250,* maintains carburetor air at constant tem¬ 
perature and humidity and provides for air measurement by 
means of a round-edge orifice similar to that described in the 
1936 Transactions of the SAJE., p. 97.® 

The arrangement shown in Fig. 3^ (upper right) has been 
found to effect a more comfJete separation of liquid fuel from 
the mucture of air and vaporized fuel and, thus, to simulate 
more closely the functioning of the multicylinder engine mani¬ 
fold. Essentially it is the set-up shown in Fig. 3® with the 
regular CFJl. manifold and special jacketed section reversed 
in position. Variation in the position of the piston in the 
surge cylinder attached to the liquid fuel drain at the bottom 
of the manifold permits, with little or no application of heat 
to the manifold, a wide range of adjustment of the fraction 
of the fuel drained from the manifold in the liquid state. It 
is impossible, however, to obtain with this manifold a final 
mixture temperature higher than that of the liquid in the 
jacket. This restriction prevents operation with cylinder con¬ 
ditions having a severity much in excess of those for the 
Research Method. 

The manifold shown in Fig. y (lower left) permits the 
use of any desired final mixture temperature ifigher than 
approximately 200 deg. fahr., effects as good separation of 
vaporized and liquid fuel as the manifold shown in Fig. 3^, 
and requires no surge chamber. The separating rhamh^ has 
a cross-sectioDal area over four times as great as that of the 
remainder of the manifold and consequendy reduces the 
velocity of flow to a point that ensures good separation of 
liquid fuel from the stream of air and vaporized fud. Heat 
may be applied to the mucture by conventional immersion 
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Fig. 4-Modified Intake Manifold and Fnel System In¬ 
stalled on tile CJFJt. Engine for Studies of the Effects of 
Imperfect Fnel Distribution in the Antomobile Engine 


heaters before or after it enters the separating chamber and 
the chamber itself may be heated or cooled by the circulation 
of water through the surrounding jacket. Fig. 4 shows the 
complete modihed fuel system and the manifold of Fig. 3c 
instiled on a CJF.R. engine. 

The manifold of Fig. 3^ (lower right) is of the same essen¬ 
tial design as that of Fig. 3c but is provided with three 
separating chambers instead of one. Experience to date with 
this design is insufficient to indicate whether it possesses any 
significant advantage over that shown in Fig, y. 

Since provision is made for the measurement of air and 
fuel delivered to the carburetor and the unvaporized fuel bled 
from the manifold, it b possible to compute the air-fuel ratios 
of the mixtures leaving the carburetor and of those entering 
the cylinder. When unvaporized fuel is withdrawn from the 
manifold, the mixture entering the cylinder is leaner than that 
leaving the carburetor and the distribution condition is that 
of Cylinder /f in Table 3. When no unvaporized fuel is bled 
from the manifold, the cylinder and carburetor air-fuci ratios 
are equal and the distribution condition is that of Cylinder B 
in TaWe 3. 

The distribution condition of Cylinder C in Table 3 is 
duplicated on the single-cylinder engine by running first 
under the conditions of Cylinder A and collecting H lb. of 
unvaporized heavy ends. It would be difficult to design an 
arrangement for the modified C J.R! manifold which would 
feed the additional liquid heavy ends to the normal charge in 
the desired ratio. It is easy to accomplish the same result by 
adding the excess heavy ends for Cylinder C directly to the 
original fuel in the ratio of H lb. of heavy ends for each 
(L -{- H) Ib. of original fuel and feeding this mixture to the 
carburetor. The carburetor air-fuel ratio is adjusted to 

X (air-fuel ratio for Cylinder B) = 7—^—77. and 
L-f art ' L + ^H 


the manifold heating is adjusted for complete vaporization. 
It should be noted that, during the determination of the data 
for the curve of Cylinder C, the carburetor air-fuel ratio for 
the singlc<ylinder engine is not the same as that for the 
multicylinder engine whose performance is simulated. 

The ratio of L to H may be varied over a wide range by 
adjustment of manifold heating. The liquid heavy ends also 
may be added to the original fuel in other proportions to 
duplicate other mixture ratios found to exist in the cylinders 
of an automobile engine. 

Fig. 5 shows, for 1937 CJ.R. winter fuel WB-a and sec¬ 
ondary reference fuels A-4 and C-io the relation of the degree 
of vaporization in the manifold to the temperature of the 
water leaving the jacket of the manifold of Fig. y. The dis¬ 
tillation curves for the three fuels are shown in Fig. 6. 

The degree of vaporization in the modified single cylinder 
engine manifold varies with fuel volatility as in the manifold 
of the multicylinder engine. Fig. 7 shows for one manifold 
condition for the 1937 CJ.R. preferred winter fuels, and for 
3 blends of the approved secondary reference fuels, the re¬ 
lation between the per cent of fuel vaporized in the manifold 
and the per cent over at 310 deg. fahr. in the A.S.T.M. 
distillation, whereas Fig. 8 shows, for the same fuels and 
manifold condition, the relation between the per cent of the 
fuel vaporized in the manifold and the area under the dis¬ 
tillation curve above 80 deg. fahr. Figs. 7 and 8 show a 
fairly consistent relation between the variables plotted but, of 
course, the degree of vaporization depends also on the latent 
heat of vaporization of the fuel components. The degree of 
vaporization in the manifold might correlate even more satis- 
fartorily with data from an air distillation. 
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Knock Ratings with the Bled Manifold 

After the carburetor float level and manifold jacket temper¬ 
ature have been adjusted to give the desired carburetor and 
cylinder air-fuel ratios respectively, and the final mixture 
temperature has been brought to the desired figure, the gen¬ 
eral procedure for making knock ratings with the modified 
manifold is the same as for the Motor Method. The compres¬ 
sion ratio is adjusted for standard knock intensity and the 
bouncing-pin indicator is used to measure knocking tendency. 

If the primary reference fuels arc used, the fuel octane 
numbers obuined arc likely to differ considerably, under con¬ 
ditions of partial fuel vaporization, from those obtained by 
the use of the approved secondary reference fuels. Within the 
range of manifold conditions of practical interest, the vapori¬ 
zation of heptane-octane mixtures is substantially comj^etc, 
hence octane numbers obtained by the use of the primary 
reference fuels have the same meaning as those obtained by 



PERCENT DISTILLED 


FIG.6 DISTILLATION CURVES OF FUELS WHOSE 
VAPORIZATION IN THE MANIFOLD IS 
ILLUSTRATED IN FIG. 5. 

the Motor or Research Methods or by any other method which 
employs the conventional manifold. On the other hand, the 
volatility of the C-io and A-5 reference fuels is quite dif¬ 
ferent; therefore, under any condition of partial vaporization, 
a larger fraction of the C-ro component is vaporized in the 
manifold. As the concentration of A-5 in the blend is in¬ 
creased, the per cent of the blend leaving the manifold in the 
vapor state is decreased, and the inherent antiknock value 
of the rcfcrcncc-fuel mixture which enters the cylinder de¬ 
creases less rapidly than does the per cent of C-io in the 
blend. The result is that, under these conditions, a given 
increment of antiknock value matched against blends of the 
secondary reference fuels is interpreted as representing a 
larger difference in octane numbers than when matched di¬ 
rectly against the primary reference fuels. The same condi¬ 
tion presumably exists during road knock tests and raises the 
question of the possible relation between iC and the occasion¬ 
ally observed relative insensitivity of cars to changes in the 
per cent of C-io in the blends of the secondary reference fuels. 

When a measure of the difference in knocking tendency of 
fuels under conditions of imperfect distribution is desired in 
units bearing a definite relation to critical compression ratio, 
it is customary to make the comparisons directly against 
heptane-octane mixtures. When the problem is to correlate 
laboratory ratings with those obtained on the road with the 
secondary reference fuels, the latter reference fuels are used 
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in the laboratory. If the condiitions of engine operation on 
the road are duplicated in the laboratory, the fraaions of the 
reference-fuel blends delivered! by the carburetor that leave 
the manifold in the vapor statj; are the same in both cases. 
If the ocune numbers in terms of the primary reference fuels 
are to be determined at one ti^e for one or more fuels at 
several degrees of imperfect vaporization, it is customary to 
determine the compression ratio for each that produces a 
knockmeter reading of 50 and to read octane numbers from 
a curve of octane number versjis compression ratio for con¬ 
stant knock intensity, made at tjic conclusion of the tests. 

When the degree of vaporization is low, as for example 50 
to 60 per cent, the unsteady st|ate following a change from 
one fuel to another is of quitel long duration. In any case 
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where vaporization is not perfect, the unsteady state persists 
for a longer period than under the Motor Method conditions. 
There appears to be no way at constant speed of the labora¬ 
tory engine to shorten the period of transient conditions. In 
tests on the road the car engine is usually operated at high 
speed for a brief period, following a change from one fuel to 
another, during which the manifold is washed clean of the 
previous fuel more quickly. A multi-speed, power-absorption 
generator and larger samples of fuel should permit a similar 
procedure in the laboratory. 

Even under the most favorable conditions in the laboratory, 
ratings made with the bled manifold require more time and 
a higher degree of skill than those made by the conventional 
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methods. It is believed that reproducibility of ratings is about 
the same. Complete studies of fuels under a wide range of 
carburetor and manifold conditions, carried out by the pro¬ 
cedure just described, should constitute a valuable tool for 
both the fuel refiner and automotive engineer. 

The result of tests made on a single-cylinder engine 
equipped with the bled manifold might be used as a basis 
for the correction of ratings obtained by the conventional 
procedure. It would be preferable to obtain final ratings, by 
a single engine test, which would be corrected for the distri¬ 
bution effects in the car engine and in agreement with the 
average ratings obtained in cars on the road. Possibly a set 
of engine conditions, including a modification of the intake 
manifold, could be found to produce such ratings. 

Distribution through the Fuel Distillation Range 

It has been stated previously that the relative knocking 
tendency of the lean, normal, and rich cyliiiders (denoted by 
A, B. and C respectively in Table 3) depends on the carbu¬ 
retor air-fuel ratio, the degree of vaporization in the car¬ 
buretor and manifold, and the relative concentration of anti¬ 
knock value in the vaporized light ends and unvaporized 
heavy ends of the fuel. The distribution of antiknock value 
through the distillation range may be measured by separating 


the fuel into a number of cuts by distillation and determining 
the octane number of each by any of the conventional knock 
testing methods. Fig. 9 shows such data for a typical com¬ 
mercial lead-free gasoline base stock so treated. The mosi 
volatile fractions have the highest antiknock value, and the 
heavier cuts have progressively lower octane number. 

Such a procedure is time<onsuming and not required for 
the determination of the distribution of antiknock value 
within the practical limits of interest. A more convenient 
method is to effect the distillation and measure antiknock 
value simultaneously in the engine itself. Fig. 10 shows the 
octane numbers of a number of cuts of the 1937 C.F.R. pre¬ 
ferred winter road-test fuels and of five other fuels. The cuts 
were made by varying the degree of vaporization in the mani¬ 
fold and, in each case, they included the most volatile frac¬ 
tions of the fuel. All ratings were made at the air-fuel ratio 
for maximum knock. The curves arc stopped at approxi¬ 
mately the 50 per cent vaporization point for the least volatile 
fuels, inasmuch as this point appears to represent roughly the 
extreme condition to be met on the road. 

Fuels may be separated roughly into three broad classes in 
accordance with the distribution of antiknock value along 
their distillation curves, as follows: 

(1) Those whose cuts by simple distillation from the 50 to 
100 per cent points have approximately the same antiknock 
value as the first 50 per cent cut as, for example, fuel WA-i 
in Fig. loa. 

(2) Those whose cuts by simple distillation from the 50 to 
too per cent points have constantly increasing antiknock value, 
illustrated by specially blended fuel S -6 in Fig. loa. 

(3) Those whose cuts between the 50 and 100 per ccni 
points have constantly decreasing antiknock value, such as 
fuel WG-i of Fig. lob. 

Among commercial lead-free fuels, those of the third class 
are by far the most numerous; however, the degree of con¬ 
centration of antiknock value in the light ends, although vari¬ 
able, never approaches that of specially blended fuel S-i i 
referred to herein (Fig. lo^). Commercial lead-free fuels of 
the first class arc encountered occasionally and fuels of the 
third class may be changed, by the addition of lead tetraethyl, 
to have the characteristics of those of the first class. Those in 
the second class are not available commercially but may be 
made for research purposes hy careful blending of selected 
components. 
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Variation of Cylinder Air-Fuel Ratio 

It has been pointed out in Table 3 that imperfea distribu 
tion causes some cylinders of the multicylindcr engine to 
receive mixtures richer and leaner respectively than that leav 
mg the carburetor, whereas others may receive a mixture 
having substantially the same composition and air-fuel ratio 
as that leaving the carburetor. Inasmuch as the knocking 
tendency of the fuel in the cylinder is influenced markedly 
by air-fuel ratio as well as by the composition of the fuel, it is 
interesting to investigate the combined effea of these two 
variables resulting from imperfect distribution of the fuel in 
the multicylindcr engine. It is possible to predict for any 
given fuel the relative knocking tendency of the several cyl¬ 
inders by the construction of any one of a number of different 
charts after a scries of tests of the fuel made on a C.F.R. 
engine equipped with one of the manifolds shown in Fig. 3. 
The type of chart which is most satisfactory depends on the 
information desired. 

Inasmuch as the most frequent problem is the prediction 
of the relative knocking tendency of a group of fuels in a 
single car under a given set of conditions, the most valuable 
type of chart is usually one constructed on the basis of con 
stant carburetor air-fuel ratio. The chart of Fig. ri is con¬ 
structed at a carburetor air-fuel ratio of 11.21 for fuel S.E.G.M. 
No. 2, which is a typical commercial, regular grade, lead-free 
base gasoline comprising a mixture of straight-run and 
cracked stocks. The scale of ordinates is critical compression 
ratio, defined as the compression ratio required for a knock- 
meter reading of 50. The scale of abscissae is -the per cent of 
the fuel delivered by the carburetor which leaves the manifold 
in the vapor state. 

Data for the construction of the curve for Cylinder /I arc 
obtained by operating the engine at the desired speed, spark 
advance, and final mixture temperature and, by adjustment 
of manifold temperatures, varying the per cent of the fuel 
delivered by the carburetor which is bled from the manifold 



90«070a0f0l00 4OSO«O7OS09OI0O 

PEKCENT or ruCL OCLIVCRCD 8Y CARBURETOR WHICH 
LEAVES THE BLED MANirOLO IN THE VAPOR STATE 


riG.lOb variation of the antiknock value of the 

VAPORIZED PORTION OF 6 OF THE 1937 C-F.R. 
WINTER FUELS AND I OTHER FUEL WITH THE 
DEGREE OF VAPORIZATION. 

C.r.R.ENOINE, special MANIfOLO (FIC.St). 
CYLINDER aIr-FUEL RATIO FOR 

liAXliillli 

TEMP. MIXTURE ENTERING CYLINDER, 220*F. 

SPARK ADVANCE, 18* 

ENGINE SPEED,GOO R.P M. 



60 TP 80 90 KX) 

PERCENT OF FUeIl DELIVERED BY CARBURETOR 
WHICH LEAVES TJE MANIFOLD IN THE VAPOR STATE 

FI6.il EFFECT OF UNEQUAL DidTRlBUTlON OF THE 
FUEL IN THE MANIFOLD ON THE CRITICAL 
COMPRESSION !RATIOS OF THE INDIVIDUAL 
CYLINDERS OF AN ENGINE. 

TYPICAL COMMERCIAL LEAD-FREE BASE STOCK. 
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in the liquid Mate. The compression ratio for a knockmetcr 
reading of 50 is determined for each rate of fuel bleeding and 
the curve is drawn throug t the points so determined. If the 
•lir and fuel passing throigh the carburetor and the liquid 
tiiel bled from the manifold arc measured, it is possible to 
compute the air-fuel ratio of the mixture which enters the 
cylinder. This information is shown beside some of the data 
fxjints in Fig. ii. 

The air-fuel ratio and composition of the mixture in Cyl¬ 
inder A under the condition of complete fuel vaporization 
would apply to the normal Cylinder B of the multicylinder 
engine regardless of the cegree of fuel vaporization in the 
manifold. The curve for Cylinder B therefore is a straight 
line, parallel to the horizorital axis, and intersecting the curve 
for Cylinder A at the too j)er cent vaporization point. 

It will be recalled that Cylinder C of Table 3 receives a 
normal charge plus the liquid heavy ends which, under con¬ 
ditions of perfect fuel dist|ribution, would have entered Cyl¬ 
inder A. Data for the con; truction of the curve for Cylinder 
C are determined in the manner previously described. When 
vaporization is complete in the manifold, H becomes zero and 
the curve for Cylinder C has a point in common with the 
curves for Cylinders A and B. 

Fig. 10a shows that the lighter fractions of fuel S.E.G.M. 
.Vo. 2 have the higher antijknock value, nevertheless, Fig. ii 
indicates that, under condiiions of imperfect fuel distribution 
at a carburetor air-fuel ratio of n.21. Cylinder A which re¬ 
ceives the fuel of highest inherent antiknock value has the 
greatest knocking tendency of the three cylinders when 69 to 
too per cent of the fuel leayes the manifold in the vapor state. 
Furthermore, Cylinder C, which receives fuel having the 
lowest inherent antiknock value, has the least tendency to 
knock. As the degree of v aporization decreases, the air-fuel 
ratio of Cylinder A decreases from ii.2t toward the maxi¬ 
mum knock air-fuel ratio,land this change in air-fuel ratio 
has a greater influence on ihe knocking tendency of the fuel 
in the cylinder than the increase in the inherent antiknock 
value of the fuel fraction Itself. Similarly, the richening of 
the mixture in Cylinder C under the same conditions has a 
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greater ctJcct on the knocking tendency of the fuel in thi^ 
cylinder than the decrease in the inherent antiknock value of 
the fuel. 

The base fuel and conditions illustrated in Fig. 11 are those 
of commercial interest. As a matter of academic interest and 
to provide a more complete background for the fuel-distribu¬ 
tion problem. Figs. la to i6 have been prepared. Fig. I2 is 
construaed for fuel S.E.G.M. No. a illustrated in Fig. ii but 
at the carburetor air-fuel ratio for maximum knock. A full- 
throttle setting so lean is not used in cars because of the 
resultant loss of power at all speeds and uneven operation at 
low speeds. The carburetor conditions illustrated in Figs. 13 
and 15 arc in the normal range but the fuels for th^e figures, 
as well as for Figs. 14 and 16, are specially blended extreme 
types which arc not representative of commercial gasolines. 

Fig. I a is similar to Fig. ii in all respects except that the 
Carburetor air-fuel ratio is the maximum knock ratio for fuel 
S£.G.M. No. a. At this carburetor setting the air-fuel ratio 
for Cylinder A becomes leaner than that for maximum knock 
as the degree of fuel vaporization is decreased. Simultaneously 
the inherent antiknock value of the fuel in the cylinder in¬ 
creases. The result is a marked rate of increase in critical 
compression ratio as the degree of vaporization decreases. 

Under the same conditions, the air-fuel ratio of the mixture 
in Cylinder C becomes richer than that for maximum knock 
and for this reason the fuel tends to knock less. At the same 
time, however, the inherent antiknock value of the fuel de¬ 
creases. The result of these two opposed tendencies is that, 
as the degree of vaporization decreases, the knocking tendency 
of Cylinder C at first remains close to that of normal Cylinder 
B, but becomes less than that for Cylinder B as the degree of 
vaporization is decreased still further. 

The differential in antiknock value between the light and 
heavy ends of fuel S£.G.M. No. 2 is within the normal range 
for commercial fuels. Fuel S-i i was specially blended to have 
light and heavy ends of extremely high and low antiknock 
value respectively. This abnormal distribution of antiknock 
value through the fuel fractions reverses the relative knocking 
tendency of the rich and lean cylinders. Fig. 13 shows for 


this fuel the relative knocking tendency of the three typical 
cylinders. A, B, and C, when the carburetor air-fuel ratio is 
11.46. The difference between the knocking tendency of the 
light and heavy fractions of this fuel is so great that, as the 
air-fuel ratio of Cylinder A moves from 11.46 toward the 
maximum knock air-fuel ratio, the increase in inherent anti¬ 
knock value of the fuel in the cylinder almost exactly bal¬ 
ances the effect of the change in cylinder air-fuel ratio. At 
cylinder air-fuel ratios leaner than for maximum knock, both 
influences tend to decrease knocking and the curve for Cyl¬ 
inder A rises rapidly. 

As the degree of vaporization is decreased, the knock- 
suppressing effect of the richer mixture in Cylinder C is not 
sufficient to compensate for the depressing effect of the addi¬ 
tional heavy ends of very low antiknock value. Rich Cylinder 
C, therefore, has the greatest knocking tendency, relative to 
that of Cylinders A and B, when vaporization is between 71 
and too per cent. 

When the carburetor air-fuel ratio is that for maximum 
knock (Fig. 14), the rich Cylinder C still has the greatest 
knocking tendency, relative to Cylinders A and B, between 
vaporization rates of 72 and too per cent. Fig. 14 shows, 
however, that its knocking tendency does not greatly exceed 
that of the normal Cylinder B. 

Fig. 15, similar to Figs. 11 to 14, is constructed at a car¬ 
buretor air-fuel ratio of 11.03 ^ which was specially 

blended to have light and heavy ends of extremely low and 
high antiknock value respectively. As the rate of fuel vapori¬ 
zation in the manifold is decreased, the inherent antiknock 
value of the fuel in lean Cylinder A is decreased, and the air- 
fuel ratio of the mixture moves nearer to that for maximum 
knock, consequently the knocking tendency increases rapidly. 
Under the same conditions, as the mixture in rich Cylinder C 
moves farther away from the maximum knock point, the 
inherent antiknock value of the fuel in the cylinder increases. 
The two effects combine to cause the knocking tendency of 
the fuel in Cylinder C to. diminish rapidly. It should be noted 
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that at 75 per cent vaporization the diHerence between the 
critical compression ratios for Cylinders A and C is 1.19 
ratios, equivalent roughly to 20 octane numbers. 

Fig. 16 shows that, when the carburetor air-fuel ratio for 
fuel S-6 is that for maximum knock, the lean Cylinder A has 
a slightly greater tendency to knock than the normal Cylinder 
B when the rate of vaporization is between 90 and 100 per 
cent, but that Cylinder B knocks most at lower rates of vapori¬ 
zation. The effect of carburetor air-fuel ratio is quite pro¬ 
nounced for this fuel. 

Fuels of commercial interest have a distribution of anti¬ 
knock value along their distillation curves which lies between 
but does not approach that for fuels S-6 and S-ii. A study of 
the charts for these two fuels, together with those for fuel 
S£.G.M. No. 2, should permit a prediction of the behavior 
of fuels having various degrees of concentration of antiknock 
value in the light and heavy ends. 

Some mention should perhaps be made of a hypothetical 
fuel, all of whose fractions have equal inherent antiknock 
value. The knocking tendency of the fuel in any cylinder 
would depend only on the air-fuel ratio with respect to that 
for maximum knock. At the carburetor air-fud ratio for 
maximum knock, the normal Cylinder B would have the 
greatest knocking tendency, regardless of the degree of vapori¬ 
zation. At a normal carburetor air-fu^ ratio, which would 
be richer than that for nuximum kno^^, the knocking ten¬ 
dency of Cylinder C would decrease with a decrease in the 
rate of vaporization, whereas Cylinder A would knock in¬ 
creasingly more as its air-fuel ratio approached th2t for maxi¬ 
mum knock. 

Effect of Atmospheric Temperature 

In the of an engine whose choke and mixture-headng 
valves are not adjusted automatically or manually as the 
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OF THE RELATIVE EFFICIENCY OF AIR AND MIXTURE HEATING IN THE VAPORIZATION OF FUEL 


Obviously a rcduaion in atmospheric temperature, in the 
absence of adjustment of choke or mixture heaticontrol valve, 
may result in marked changes in the relative ratings of fuels 
which bear no relation whatever to the sensitivity of the fuels 
as determined by the differences between their Research and 
Motor Method ratings. This point is confirmed by a study of 
the dau from recent road knock tests. 

.\djuatment of Choke and Mixture Heat Control 

Some form of choke, either manual or automatic, always is 
installed on the car engine. There is usually also a manual 
or automatic ficat-control valve. During the warm-up period 
in the winter the effect of the choke is to decrease the air-fuel 
ratio considerably. Under these conditions the degree of 
vaporizadoo is low, and the relative knocking tendency of the 
several cylinders of the engine may be predicted by a study of 
Figs. XI, 13, and 15. 

.After the warm-up period the choke is usually not an im¬ 
portant factor in the knocking problem, but this condition is 
not true of the mixture heat-control vJlve, especially if auto¬ 
matically actuated. As applied to one well-known car, thc 
valve bypasses the maximum heat to the intake manifold 
when the temperature of the air surrounding the manifold is 
low, but applies progressively less heat as the temperature 
under the hood rises until, at an air temperature of 75 deg. 
fahr. near thc thermostat, thc valve is closed entirely. The 


temperature of thc air at the thermosut is about 60 deg. fahr. 
higher than that of the air outside the hood. If an outside 
air temperature of xoo deg. fahr. and a corresponding tem¬ 
perature under the hood of t6o deg. fahr. are required for 
complete vaporization, a substantial portion of the ^el leaves 
the manifold in the liquid state when the mixture heat-control 
valve closes. Vaporization may actually be less when the 
valve closes than at some loiver outside air temperature. 

The relative efEciency of heat in vaporizing thc fuel, when 
applied to the carburetor air and to the mixture through a 
hot-spot, immediately becomes of much interest. Fig. 17 shows 
diagramnutically a modified single-cylinder engine intake 
manifold, together with associated equipment, designed for 
a study of these efiects. Thc manifold has a long horizontal 
section and a U-bend, the latter being provided with an open¬ 
ing through which liquid fuel flows to a graduated burette. 
After flowing downward through the vertical carburetor, the 
fuel and air mixture is forced to turn a comer. Directly uiulcr 
the carburetor is the electrically heated hot-spot against which 
liquid fuel impinges as it turns thc comer. 

A section .of the manifold is surrounded by a jacket through 
which water of varying temperature may be circulated for 
heating of the mixture. Air for the carburetor is supplied by 
an air-conditioner which is capable of delivering air having a 
range of temperature and humidity. 

Fig. 18 *shows for one commercial gasoline the rdadon 
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between temperature of the mixture entering the cylinder and 
the degree of fuel vaporization when the heat is supplied 
alternately to the carburetor air and to the hot-spot. Between 
the limits of no heat applied to the hot-spot and complete 
vaporization of the fuel by either method of heating, the 
mixture at any temperature leaving the manifold contains a 
greater fraction of the fuel deliver^ by the carburetor when 
the heating is done by the hot-spot. For example, at a final 
irtixture temperature of 85 deg. fahr., 88 per cent of the fuel 
passes into the cylinder with the air when the carburetor air 
is heated, but the quantity increases to 94 per cent when the 
heat is applied by the hot-spot. Similarly, complete vaporiza¬ 
tion of the fuel is accomplished at a lower mixture tempera¬ 
ture in the case of hot-spot heating. 

Variations in Ignition Timing Between Cylinders 

The relative knocking tendency of the cylinders of a multi- 
cylinder engine varies with carburetion and fuel distribution, 
as illustrated in Figs, ii to 16, provided that spark advance 
and cylinder cooling arc uniform. Because of the longer 
cylinder jackets and bencr direction of Sow of cooling water 
in recently built car engines, it is believed that variations in 
knocking among the cylinders due to differences in cooling 
have, in general, been minimized. Variations in spark ad¬ 
vance appear to create a greater problem. For example, the 
leanest cylinder may have the greatest knocking tendency 
because of partial fuel vaporization and imperfect distribution, 
as illustrated in Fig. ir. If, however, the spark advance in 
this cylinder during knocking is retarded rdative to that in 
the other cylinders, the most pronounced knock may occur in 
some other cylinder. In any study of the effects of fuel dis¬ 
tribution it is desirable, therefore, to be able to measure the 
ignition advance in each cylinder simultaneously. 

Fig. 19 shows a recently developed instrument for this 
purpose. A drum weighing 20 lb. and designed to hold a 
strip of 35'mm. cinema him on its outside surface is driven 
at a constant speed of 75 r.pm. by a 6-volt electric motor. A 
neon tube is enclosed in a small light-tight box which is quite 
close to the drum. A narrow slot in the box, parallel to the 
axis of the film drum, permits the Hash of the neon tube to 
appear as a line on the film, perpendicular to its length. The 
tube lights as a result of the voltage induced by the breaking 
of the primary circuit of the ignition system and by the 
motion of two flywheel studs, 180 deg. apart, past a magnetic 
pickup mounted on the flywheel housing. The pickup is 
similar in design to that employed by the Chrysler Corp. in 
its instrument for the measurement of mean spark advance 
in the cylinders. The induced voltage is amplified by the 
triode section of a duplex diode-triode vacuum tube (Type 
6R-7) and the amplified output is coupled to the grid of a 
power tube (Type 6A-3). The neon tube is connected in 
parallel with the load resistance of the power tube. It is 
lighted when the voltage across the load resistance of the 
power tube rises to approximately 90 volts and is extinguished 
when the voltage applied to the grid of the power tube de¬ 
creases due to termination of the signal impulse. 

The oscillatory impulse from the primary of the ignition 
coil due to the opening of the breaker points is rectified and 
amplified in the Type 6R-7 tube and applied to the grid of 
the power tube, prt^ucing a flash of the neon tube and a 
mark on the film for the firing of each cylinder. A portion 
of the high-voltage impulse to No. i spark-plug is amplified 
and applied to the grid of the power tube, resulting in a flash 
of longer duration which identifies the film mark for No. i 
cylinder. One revolution of the film drum covers a number 
of complete engine cycles. A ratchet-type relay limits the 
exposure to one revolution of the film drum. 

Ignition timing of the individual cylinders is read from a 


curve of angular displacement 
obtained from the flywheel refi 


of the crankshaft versus tune, 
nee points. 


Knocking Tendency o|f Individual Cylinders 

The knocking tendency of die individual cylinders of a cai 
engine may be detennin^ by ihe aid of the auxiliary breaker 
us^ with the gas sampling vajlve as shown in Fig. 2. When 
the knocking of No. i cylindei is to be measured, the regular 
distributor is retarded and the auxiliary breaker is set to pro¬ 
duce a timing in No. i cylinder which is the same as that 
given by the regular distribitor when adjusted properly. 
After the knocking tendency ojE No. i cylinder has bmn mea¬ 
sured, the auxiliary breaker ii used to produce the correct 
ignition timing in Cylinder No. 2, and so on for the remain¬ 
der of the cylinders. Since the auxiliary breaker is mounted 
on the same shaft as the regular breaker, it duplicates the 
advance characteristics of the regular breaker. 


Reference Fuels 

The scale of ordinates for 
pression ratio. For some purj 
substitute an octane-number 
possible, depending on the 
conditions under which they 
the primary or secondary refer 
might be run always at the 
at the same carburetor setting' 
blend of the secondary referenj 
of the primary reference fuels 
ratio may be far from equal at 
The reference fuels may be 
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for the fuels under test. In 


S^i 

cho: 




*t 


omuj 100 
UIWI- 

oil »o 


£1? 

*id 

o<- 

£05 

ui>-2 

0.0)2 


80 


70 


igs. II to 16 is critical com¬ 
poses it may be desirable to 
e, but many such scales are 
ice of reference fuels and the 
re tested. For example, cither 
(jnee fuels might be used. They 
mum knock air-fuel ratio or 
as for the fuel under test. A 
i|::e fuels equal to a given blend 
the maximum knock air-fuci 
another air-fuel ratio, 
run under conditions of corn- 
manifold conditions employed 
Ithe usual tests of commercial 


'3 

,2 

ui-<i 

o<^ to 

ii 

is 190 
mo. 

]8i8.a 





- n 

MIXTt 

BY 

1 1 

IRC MCATCO 
MOT SPOT N 


— 




- 




— 

' 

CARH 

_L 

JRCTOR 

PATEO 

mrT' 

L_ 



ii' 

%\ 


18.0 


SS 8S 75 

TEMPERATURE OF Ml 














MIXTURE HEATC 
BY MOT SPOT 

> 














L 





/ 

P" 



-CARBURETOR AIR 
MEATCO 











1 






- 








V 





— 



_ 

1 








MIXTURE HEATED 
.^^Y HOT SPOT 




CARBURET 

MEATC 

^ AIR-P 


■- 


— 


FIG. 18. 


EFFECT OF HOT 
AND CARBURETC 
VAPORIZATION OF 


85 96 105 

XTURE LEAVINO MANIFOU),*E 

>0T MIXTURE HEATING 
AIR HEATING ON THE 
FUEL IN THE MANIFOLD. 


SERIES 908 ENOINE WITH SPECIAL 
MANIFOLD KnD EQUIPMENT OF FI6.r7. 
FIXED CARBURETOR SETTINC 
ENGINE SPEED,900 R.P.M. 






152 


154 S.A.E. JOURNAL Vol. 42, No. 4 

(Transaction*) 


gasolines, only a small traction ot the primary reference fuels 
fails to vaporize, even when the rate of vaporization of the 
test fuels is low. Under the same conditions, a much larger 
fraction of the secondary reference fuel blends remains in the 
liquid sutc and the unvaporized portion is composed largely 
of fuel A-5. The equivalent octane numbers of single points 
on the curves of Figs, ii to 16 may vary as much as 15 octane 
numbers, depending on the choice and method of testing of 
the reference fuels. Curves of octane number versus per cent 
of vaporization may have shapjcs entirely different from the 
corresponding curves of critical compression ratio versus per 
cent of vaporization. 

There is every reason to believe that the complication intro¬ 
duced into the interpretation of laboratory octane numbers 
obtained under conditions of partial fuel vaporization enters 
also into the determination of road octane numbers. Regular- 
grade gasolines require the use of the C-10 and A-5 reference 
fuels. As the per cent of the .\-5 component in the blend is 
increased, the fraction of the blend which is vaporized in the 
manifold should decrease, causing the leanest cylinder to 
become leaner and the richest cylinder richer. The cylinder 
which knocks most on the test fuel may not knock most on 
the reference-fuel blend, and the cylinder which knocks most 
on a blend containing a high per cent of C-io may not knock 
most when the per cent of C-10 is reduced. | 

If the volatility of the two secondary reference fuels were 
interchanged, the knocking tendency of a given percentage 
blend under any condition of imperfect distribution obviously 
might be markedly different. An increase in thd concentration 
of .\-5 in the blend would then increase the vaporization in 
the manifold with a resultant decrease in the inherent anti¬ 
knock value of the vaporized portion. Such effects introduced 
into the road knock-testing procedure by the difference in 
volatility of the reference fuels appear in the road ratings of 
the test fuels as apparent appreciation or depreciation of these 
fuels with respect to the laboratory ratings. 


Once the observation is made that road octane numbers 
determined under conditions of imperfect manifold vaporiza¬ 
tion and fuel distribution are influenced by the choice of 
secondary reference fuels, a consideration of desirable char¬ 
acteristics of secondary reference fuels assumes real impor¬ 
tance. In the light of the previous discussion it appears that, 
from the standpoint of minimizing the complications intro¬ 
duced into road knock testing by the secondary reference 
fuels, such fuels ideally should have the following charac¬ 
teristics: 

. (i) The distillation curve of the fuel of high antiknock 
value should match exactly that of the fuel of low antiknock 
value in order to provide constant vaporization in the mani¬ 
fold as the proportions of the two fuels in the blend are 
changed. 

(2) The volatility of the reference fuels should approxi¬ 
mate that of the average commercial gasoline, thereby ensur¬ 
ing, in so far as possible, the same cylinder air-fuel ratios for 
the test and reference fuels. 

(3) All fractions of each fuel should have equal antiknock 
value in order to prevent a change in the inherent antiknock 
value of the vaporized portion of the blend in the manifold 
as the degree of vaporization is changed. Inasmuch as com¬ 
mercial gasolines have light ends whose antiknock value is 
higher or lower than or equal to that of the heavy ends, the 
distribution of antiknock value in the reference-fuel blends 
would then approximate that of the average of fuels met in 
service. 

These specifications constitute a large order which will 
probably never be filled. It should, however, be possible to 
produce secondary reference fuels which, for use under con¬ 
ditions of partial vaporization, are an improvement over the 
present .^-5 and C-io fuels. The latter fuels are entirely 
satisfactory for use in the laboratory in conjunction with the 
sundard CT.R. engine manifold and were almost equally 
suitable for road-test purposes until the fuel-distribution prob- 
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1 cm atuined its present importance. It should be noted that 
the primary reference fuels substantially fulfill the first and 
third of the above-described specifications. 

Correlation of Road and Laboratory Ratings 

The correlation of laboratory with road knock ratings 
creates two distinct and basically different problems, namely: 

(i) Reproducing on the laboratory engine the conditions 
of operation of a single car engine in a single test. 

(a) Determining a laboratory procedure which gives rat¬ 
ings that agree in so far as possible with the averages of 
ratings obtained in a group of cars under one or more con¬ 
ditions of test. 

The first problem is by far the simpler. If every variable 
of engine operation such as mixture and cylinder tempera¬ 
tures, spark advance, speed, fuel composition, and mixture 
ratio, applicable to the knocking cylinders of the multi¬ 
cylinder engine is duplicated on the laboratory engine, the 
ratings of all types of fuels should be duplicated provided, of 
course, that the same reference fuels are used in iMth cases. 

If partial fuel vaporization in the inuke manifold of the 
car engine gives rise to differential distribution of unvapor¬ 
ized liquid fuel which, in turn, causes a cylinder richer or 
leaner than the normal cylinder to have the greatest knocking 
tendency, the knock ratings in the car engine of a wide 
variety of fuels can not be duplicated on the laboratory engine 
unless provision is made for the simulation of the mixture 
distribution of the multicylinder engine by some means such 
as that described herein. A fortuitous compensation for the 
effects of mixture distribution may be made for a limited 
number of fuels by changes in other engine variables, but such 
an arrangement is almost certain to fail when applied to a 
group of fuels. 



FIG.20. VARIATION OF AIR-FUEL RATIO. SPARK 
ADVANCE, AND, KNOCK INTENSITY AMONG 
THE CYLINDERS OF AN AUTOMOBILE 
ENGINE IN .THE SPEED RANGE OF MAX¬ 
IMUM KNOCKING. 


A modification of the conventional laboratory knock-testing 
procedure by the substitution of a manifold designed to simu¬ 
late the action of the intake manifold of the car under con¬ 
sideration should go a long way toward explaining the 
anomalous behavior of fuels observed from time to time in 
a single car. 

Before an attempt is made to duplicate on the laboratory 
engine the ratings obtained on a given car, it is believed 


sute and burned at the air^fuel ratio for maximum knock. 
The list of possibilities is far from exhausted when it becomes 
apparent that no single set of carburetor and manifold con¬ 
ditions for the laboratory ragine theoretically should give 
ratings equal to the avera« of ratings obtained on several 
cars having a wide variation in carburetion and manifold 
conditions. 


advisable to construct a chart similar to Fig. ao in which 
air-fuel ratio, spark advance, and cylinder knock intensity are 
plotted against cylinder number. Such a chart not only indi¬ 
cates the cylinder of greatest knocking tendency and its air- 
fuel ratio, but furnishes the dau required for the computation 
of average air-fuel ratio and the degree of vaporization. The 
information on ignition timing may serve to explain the 
greatest knocking tendency of one cylinder when, under con¬ 
ditions of uniform ignition timing, the laboratory engine 
indicates that a cylinder having a different mixture condition 
should knock most. 

The second problem — that of finding a set of operating con¬ 
ditions for the laboratory engine which gives ratings that 
agree with the average of ratings in a group of cars - is quite 
different. The average road ratings r^ect the results of the 
simultaneous operation of a host of variables combined dif¬ 
ferently in each car. Considering alone those variables which 
arise through variations in carburetion and fuel distribution 
in the engine, it is obvious that a fuel might be rated in one 
car under conditions of substantially perfect distribution and 
at an air-fuel ratio near that for maximum knock whereas, in 
another car, distribution might be equally good but the air- 
fuel ratio in all cylinders might be considerably richer than 
that for maximum knock. In a third car with imperfect fuel 
distribution the rating might be determined by the behavior 
of the portion of the fuel leaving the manifold in the vapor 


Notwithstanding this situation, definite and consistent 
effects of non-uniform fuel distribution are now apparent in 
any fuel knock-rating data cjbuined on a group of cars. One 
of the most impressive demjonstrations of the importance of 
this variable was furnished by a series of road tests in which 
the 12 test fuels were specially blended to have an extreme 
concentration of antiknock value in different portions of the 
distillation range. Fuels S-6 and S-ii, previously mentioned, 
were two of the test fuels. 

After the effects of impafect fuel distribution within the 
engine have been found to exist, the problem of most imme¬ 
diate interest is the development of some means for the cor¬ 
rection of variations in thd road ratings of fuels, rated as 
equal by present laboratory ijicthods, due to this variable. The 
British have for some time used a correction factor for benzol 
blends. For the first 30 per jeem total aromatics in any 
gasoline, i octane numlxr is added to the conventional lab¬ 
oratory rating and, for eaclji additional 15 per cent of aro¬ 
matics, another octane numlKr is added. A correction factor 
applicable to all types of filels and capable of direct deter- 
mination on the engine woifld be desirable. 

It is to be hoped that automotive engineers will be able to 
find a not-too-expensive memis for minimizing variations in 
fuel distribution at low engine speeds. In the meantime the 
oil refiner will undoubtedly make an effort to correct, by some 
change in the laboratory knock-testing procedure, present 
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inequalities in the road performance of fuels of equal ocunc 
number arising because of the mixture-distribution problem. 

The addition of concentrated knock suppressors to fuels 
may change the distribution of antiknock v^ue through the 
ftiel fractions. The choice of antiknocks to meet the wide 
range of conditions resulting from variations in carhuretion 
and manifolding is a complex problem in itself. It is hoped 
that this subject may be discussed in a later paper. 


Discussion 


Stresses Need for 
Further Study I 

-L.E. Hebl 

Shell Petroleum Corp. 

W E mu>t recognize (hat, in our itudy of detonation, none of us 
has followed the scientihe method more closely than has Mr. 
Bartholomew, whose evaluation and classification of the • variables in¬ 
volved has been relentless. He was probably the first to begin classifying 
primary and secondary variables when in 1939 be said: “In fact the 
variation in ratings with changes in speed, sparic advance, compression 
ratio, throttle opening, and so on can, in almost every case, be traced to 
a difference in temperature conditions."* Now again he pioneers in dem¬ 
onstrating that not only those variables influencing the manner in which 
the mixture burns within the cylinder are significant, but also account 
must be taken of the variables that affect the composition of the mixture 
that enters the cylinder. 

Mr. Bartholomew's paper comes at a very opportune time when the 
automobile and oil industries are disturbed by the realization that the 
present test method does not rate fuels in the correa order of their 
performaxKe in multicylinder engines. Although the Cooperative Com¬ 
mittee has already carried out some tests which could probably be used 
as a basis for modifying the test method, it would be very unwise to 
proceed with the adoption of a modified test until Mr. Bartholomew has 
had time to examine the manifold phenomena more thoroughly and to 
learn whether a practical correction for these phenomena can be applied 
to the laboratory test. 

Briefly, it now appears that the manifold phenomeru tend to lower 
the ratings in multicylinder engines and, in order to obuin agreement, 
the single-cyliixler laboratory engine has been operated at excessively 
high temperatures so that ratings in it also are reduced to match the 
average road values. However, the high-temperature affects cracked 
gasolines mainly, whose ratings are reduced too much in the laboratory, 
whereas ratings on straight-run gasolines, which are insensitive to tem¬ 
perature, are not reduced enough. The resulbng deviations are thus both 
positive and negative so the average appears to be correct; however, if 
the errors on individual fuels are to be corrected, it is obviously neces¬ 


sary to reduce the temperature of the laboratory mglne to a value in 
line with multicylinder engines and to correct for the lower multkylinder 
ratings by correcting the same factors that cause those ratings to be low. 
Mr. Bartholomew has demonstrated a possible source of those errors and 
It seems logical that a full understanding of them is necessary before ' 
further action should be taken. 


- A. J. Blackwood 

Standard Oil Development Co. 

W E wish to throw out a word of caution regarding one phase of 
the discussion and that is “to watch every step when interpreting 
volatility and octane number of the different fud fractions as related to 
road behavior." 

It would appear strange that, at this relatively bte date, fuel volatility 
and octane-number distribution should assume any great importance not 
hitherto apparent, particularly in view of the reasonably gwd correla¬ 
tions existing between laboratory fuel ratings and ro^ performance. 

Fuels which in the past have not given the expected road performance 
as predicted from laboratory ratings have not been, as a rule, fuels 
having unusual vobdlity or unusual octane-number distribution through¬ 
out the boiling range. 

Some work conducted at our laboratories along somewhat similar liaes 

■ Sec Oii and Cm /ottma/. On. 17, 1929, p. 32: "Anttkaock Testiiic and 
Perfonoance." by Earl Bartholomew. 

to the multicylinder work described in the paper has indicated that the 
qualitative distribution factor may not be anywhere near as important 
as we had previously anticipated. For example, individual exhaust-gas 
arulyses were made on an eight-cylinder engine when burning blends of 
reference fuels C-io and A-4. For a range covering the $9-50 blend 
up through straight C-io fuel, the air-fuel ratio of any given i^ividual 
cylirxler remained constant although the various cylinders differed wide¬ 
ly in themselves. In other words, if say No. 1 cylinder received a 14:1 
mixture ratio and No. 7, a 11:1 mixture ratio of the $0-50 blend, the 
received the same mixture ratios 14:1 and 11:1 with the straight C-io. 

Keep in mind that these two reference fuels differ widely in volatility 
and antiknock value. 

Now, coincident with the determination of mixture ratio, values for 
the apparent octane-number requirement of the individual cylinders were 
determined. These data on the 8 iixiividual cylinders, when plotted I 
against the corresponding air-fuel ratio, gave a smooth curve very closely 
similar to what would have been obtained if the octane-number require¬ 
ment of a single<yliixler engine svere determined for different mixture 
ratios. These data were all obtained at full throttle at the speed of 
maximum knock. , 

This result would indicate that there had been no appreciable devia- t 
(ions due to qualitative distribution but rather that, d the vaporized 
fuel is distributed unevenly to the various cylinders, the liquid particles 
arc distributed over the same general pattern, ' 

Therefore, we urge that haste be made slowly when attempting to tie ' 
fuel volatility in with road antiknock behavior, j 


Caution Urged in Interpreting 
Results 
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To all whom it may concern: duced, the en<rine heats ra]Didly, the efficien- 60 

Be it known that I. Thoma.s Midgley, Jr., cy of the engine is reduced and, if the initial 
.a citizen of the United States of America, pressure is very high, engine parts may be 
residing at Dayton, county of Montgomery, injured. The highest pressure at which a 
5 and State of Ohio, have invented certain mixture may be burned in a cylinder with- 
new and useful Improvements in Methods out producing a fuel knoc t varies with the 55 
and Means for Using Motor Fuels, of which diJerent fuels and, to .som} extent, with the 
the following is a full, clear, and exact de- temperature, position of spark plugs and 
scription. other conditions within tie engine. This 

10 This invention I’elates to fuels, such, for pressure I term the “critical compression 
example as kerosene and gasoline, employed pressure” of the fuel. 6C 

in the operation of internal-combustion en- The average critical compression pressure 
gines and to the art of burning the fuels in of kerosene is about 50 pounds, of the proper 
an engine. The present tendency is to pro- gi-ades of gasoline about 75 pounds and of 
15 duce lower grades of gasoline in order to the better grades of gasoline about 125 
obtain a sufficient output for the increasing pounds. The latter grads of gasoline is 66 
demand for motor fuels and to reduce the produced in limited quan ;ities and is not 
compressions of the engines so that these available universally to th(^ consumer. The 
lower grades of fuel may be used without commoner grades of fuel, such as kerosene 
20 knocking. As the lowering of engine com- and gasoline, having critical compression 
pression reduces the efficiency of the engine, pressures below 75 pounds are used general- 70 
a still greater output of fuel is mquired to ly, and in internal-combustion engines for 
meet the increase in fuel required to operate house lighting systems, trucks, tractors, and 
larger and less efficient engines. Tlie princi- automobiles are designed tof operate on these 
25 pal objects of the present invention are to kinds of fuel. 

overcome these difficulties and to provide a I have found that the cri tical compression T6 
means for using either low or high grades pressure of a fuel of thej type mentioned 
of motor fuel more efficiently and so re- above is increased by incolrporating there- 
duce the quantity of fuel used. with any one of a large {number of com- 

30 The present application is a continuation pounds containing metalli(|i elements, i. e., 
in part of my application Serial No. 464,- compounded metallic elements. 80 

98.5, filed April 27,1921. By way of example, I |mav use a fuel 

In the accompanying drawings: consisting by volume of i/i ol one percent 

Fig. 1 is a side view of an automobile hav- of tetra ethyl lead and 99^ percent of gas- 
35 ing an engine embodying the present inven- oline having a normal “ critical compression 
tion and showing the comparative sizes of pressure” of about 75 poiinds. The tetra 86 
engines employed when using high and low ethyl lead dissolves in the ^soline forming 
engine compressions; and a fuel having a “critical compression pres- 

Fig. 2 is a longitudinal sectional view of sure ” of about 160 pound^ The presence 


40 an engine cylinder and shows tlie compara- of the lead compound charges the gasoline 
tive sizes of combustion chambers employed from a low compression fjuel to a higher 00 
when using fuels having high and low criti- compression fuel, i. e., incre ases its “critical 
cal compression p^sures. compression pressure.” Thi^ gasoline may be 

Kerosene, gasoline and the heavier hydro- used in an engine having a compression 
46 carbons have the characteristic that, when a pressure of ahout 160 pounds, with a 
combustible gaseous mixture containing one smaller fuel consumption ;:or obtaining a 
of these fuels and air is burned in an inter- given amount of work thah is required to 
nal-conibustion engine while subjected to a operate an engine having a compression 
relatively high pressure, a fuel knock is pro- pre.ssure of 75 pounds on the untreated gas- 
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oline. Experiments witli automobiles have 
shown that if the enjjine compression is in¬ 
creased to IGO pounds, a treated fuel being 
used to run. the engine and the gear ratio 
5 between the engine and the rear axle is re¬ 
duced, the mileage obtained from a gallon 
of gasoline is substantially twice that ob- 
tained when running the engine at To pounds 
compression on the unti'oated or low com- 
10 pression fuel. 

In the drawings, 10 is an automobile liav- 
ing wheels 11. axles 1‘2, springs 13. and an 
engine 14 whose compression pressure is 
about 100 jmund.s. This engine may be 
15-.operated on the mixture of gasoline and tetra 
ethyl lead ju.st de.scribed. At lo is shown 
diagrammaticaliy the comparative si/e of an 
engine operating on an engine compression 
of about 7.") pounds and capable of dcliv- 
20 ering the same horse power as engine 14. It 
is apparent that by etiiployi;ig engine 14 in- 
.stead of engine 1.". the si/e and weight of 
the wheels, axles and other j)arts of ;he 
automol)ile may be materially'ilightened. and 
25 that by lightening tlie weight of the machine 
as a wliole a still smaller engine may be (in- 
ployed to propel the ve]ii<-le. 

Fig. 2 illustrates a method of changing 
the com))ression of an engine to obtain tl'.ese 
20 results. In this figure. IG is an engine cylin¬ 
der and 17 the engine pi.ston in its toj) d<*ad 
center position in which the gaseous mix¬ 
ture is compressed to about 1(>0 pounds. The 
dotted line IS indicates the top dead center 
25 position of a j)islon which compi'es.ses the 
gases to about T.") pounds. A change fconi 
a low compression engine to a high com- 
pre.ssion engine may be made by .substitut¬ 
ing a piston whose length fi’om the wi-ist 
40 pin 10 to the top of the piston is greater 
than in pistons in common use. This change 
in the pistons increases the horse ])<)wer of 
the engine. Experience has shown tiiat 
operation of an engine of the tyne idus- 
45 trated in solid lines in Fig. 2, on a low 
compression fuel such as common ga.s<*'iine, 
gives exce.ssive heating, violent knocking, 
and under continued -operation cracks the 
piston. 

50 For some commercial purposes it will 
probably be sufficient to use but one part 
of tetra ethyl lead in 2000 parts of gasoline. 
This mixture may be used in a truck motor 
to avoid the knock generally produced when 
55 climbing hills at low speed with open throt¬ 
tle. Relatively small propoi^tional (]uai'.ti- 
ties of the lead compound are required to in¬ 
crease the critical compression pressure of 
“ aviation ” gasoline from 125 pounds to 
50 IGO pounds or more. 

The fuel mixture or combination ma}' also 
bo varied by using other fuels as the ftiel 
has*? or major constituent of the high ccun- 
prcssion fuel and using other compounded 
85 metallic elements to increase critical com¬ 


pression pressure. The fuels used include 
gasoline and other hydrocarbon fuels con¬ 
taining hydrocarbons which may be obtained 
from an asphalt, naphthene paraffine base 
crude or mi.xtures then'of. "5 

Other lead compounds which have liceii 
used succe.ssfully are the phenyl compounds 
and other alkyl compounds besides tlie terra 
ethyl lead. These include the ethyl, iso¬ 
propyl and methyl compounds. Methods of "5 
manufacturing lead compounds are de¬ 
.scribed on page 133 et. seq.. vol. Ill of 
Watts’ Dictionary of Chemistry as revised 
by Morley and Muir and published by Long¬ 
mans. Green and Co.. I.ondon, Pmgland. 20 

Other metallic compounds may be u.sed to 
sup{)ress a knock in a motor. These include 
compounds of selenium, tellurium, tin, 
ar.-:enic and antimony. The phenyl and alkyl 
c()mi)oun<ls of these metals have been sue- 25 
cessfully used where the stable compounds 
are obtainable. The alkyl metal compounds 
usually have a greater knock suppressing 
value than the corresponding ])henvl com¬ 
pounds. ' ^ 

I)is.solving a knock suppressing substance 
• in a hydi’ocarbon fuel has l^een found the 
most satisfactory method of changing the 
critical com})ression pressure of the fuel, 
and for this reason the organic compounds 
have been employed to a greater extent than 
other compounds in suj)presslng knocks, 
howev(‘i% I do not limit my invention to 
oi-ganic conqiounds nor to the oil soluble 
compounds. 

The value of metallic compounds in 
changing the critical c()mi)ression pressure 
depends uj>on the metal u.sed, the composi¬ 
tion of the compound, its .stability and vola¬ 
tility. T’p to the point of complete vai)or- 105 
i/ation the anti-knock value depends in pai't 
on the percentage of the compound vapor¬ 
ized under engine condtions. AVhere the 
nature of the compound changes before igni¬ 
tion of the fuel, (ombustion of the fuel takes HO 
place in the ])rc.sence of the new compouml 
and the anti-knock value depends on the 
nature of the new compound instead of the 
compound added to the fuel. 

If a radical is attached to the metal in the ^^5 
com}K)und in .such a manner that the res\dt- 
ing comi)ound is oil soluble and volatile, a 
high anti-knock value for that metal is ob- 
taincxd. As the com])ound departs from 
these conditions either in the kind of radi- ^20 
cal employed or the number of radicals of a 
certain kind in the compound, the anti¬ 
knock value will generally be reduced. Ex¬ 
amples of compounds in which the anti¬ 
knock value, as based on these conditions, 
Ix'comes negligible are lead oleate and lead 
acetate. If, in the formula for tetra-ethyl 
lead, an OH radical is substituted for an 
ethyl radical, the resulting comix)und (tri 
ethyl lead hydroxide) is less volatile and ^20 
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less soluble in the fuel than the tetra ethyl 
lead. I'he tri-ethyl lead hydro.xide is almost 
as powerful a knock suppresser as the tetra 
ethyl lead. 

5 The value of a comi)ounded metallic ele¬ 
ment as a knock suppresser appears also to 
he a period function of the atomic number 
and. in general, with similar elements in¬ 
creases with increasin'; atomic weijrht. To 
10 illustrate this function. I take the ethyl com¬ 
pounds of the metals in the rij;ht hand 
column of the 4th. oth, and Gth jiioups, 
wherever stable ethyl compounds are obtain¬ 
able. As tlie ethyl compound of antimony 
15 is unstable in the air at room temperature, I 
employ the phenyl compound of antimony. 
These comjiounds inciease in knock sup- 
])ressin‘r value in jxroup 4 in the order tin, 
lead; in •rroup .“> in tlic order arsenic, anti- 
20 mony; and in 'rroup (> in the ordei- selenium, 
tellurium. Takin<; ;rr<)U]) 4 as an e.xample. 

by volume of the ethyl compounds of the 
metals in ‘rasoline or kerosene ‘rive the fol¬ 
lowing; increases in ci’itical compression 
25 j)ressure: tin, 15 pounds; lead at the rate of 
.■’*40 pounds wlien employed in relatively 
small {]uantities. 

AVhile I have mentioned more particularly 
the use of phenyl and alkyl compounds of 
30 certain metals for increasing the critical 
compression pressure of kerosene and iraso- 
line. my invention is not limited wliolly to 
the use ()f these comjmunds. nor to com- 
j)ounds of these metals, and the compounded 
35 metallic elements may be employed with the 
heavier hydrocai'bon or other fuels. 

Further, while the specilic examples here¬ 
in iriven constitute preferred forms of em¬ 
bodiment of the invention, it is to be under¬ 
go stood that other forms ■ mi'rlit be adoptetl. 
without dejiartinj; from the scope of the 
claims which follow. 

What 1 claim is as follows: 

1. A fuel for internal combustion en<rines 
•15 comprising: a low com])ression motor fuel, 
and a volatile com])ound of a metal adapted 
to increa.se the critical comprersion pressure 
of the motor fuel. 

“2. .V fuel for intei’iial combustion engines 
50 comprising: a low compression motor fuel, 
and an oil soluble volatile compound of a 
metal adapted to increase the critical com- 
pi’ession pres.sure of the motor fuel. 

.3. fuel for internal combustion en;rines 
55 comprisin'; a low compres.«ion motor fuel, 
and a ix?latively small amount of compound 
consisting of a metal bound to a hydrocar- 
lu>n radical. 

4, A fuel for internal combustion engines 
comprisin'; a low compression motor fuel, 
and a relatively small amount of a volatile 
compound consistinj: of a metal bound to a 
hydrocarbon radical. 

5. A fuel for internal combustion enp:ines 
comprising a low compression motor fuel, 


and a relatively small amount of oil soluble 
compound consisting of a metal bound to a 
hydrocarbon radical. 

• 6. A fuel for internal combustion engines 

comprising a low t»mpression motor fuel, 
and a relatively .small a^mount of a volatile 
and oil soluble comix)Und consisting of a 
metal l)ound to a hydrocarbon radical. 

7. A fuel for internal combustion engines 
comprising a hydrocarbon motor fuel con¬ 
taining a restively small proportion of an 
alkyl comjH)iind of a metal containing more 
than two alkyl groui)S. 

8. A fuel for internal comlnistion engines 
c(jm))rising a hydiVK’arl^on motor fuel con¬ 
taining a relatively small proportion of an 
oil soluble comjxHind of a metal containing 
more than two alkyl gi-oups. 

0. A fuel for internal!combustion engines 
compi'ising a hydrocarbon motor fuel con¬ 
taining a i-elatively smiill proportion of a 
volatile coui])ound of a metal containing 
more than two alkyl gro^ips. 

10. A fuel for internal combustion engines 
coiiipi-ising a hydrocarbon motor fuel con¬ 
taining a relatively small ])ro}X)rtion of a 
V(*latile and oil .soluble compound of a metal 
containing more than two alkyl groups. 

11. .\ fuel for internal combu-stion engines 
com])rising a hydrocarbi>n motor fuel con¬ 
taining .a ladativelv small proportion of an 
alkyl compound of a mei al containing more 
than thri'c alkyl groups. 

12. -V fuel for internal combustion engines 
comprising a hydrocarbon motoi* fuel con¬ 
taining a relatively small proportion of an 
oil soluble cojupound of a metal containing 
more than three alkyl gi-(l)U}).s. 

l.‘>. .\ fuel for internal combu.stion engines 
(X)mprising a hydnx'arbon motor fuel con¬ 
taining a relatively small ])ro})ortion of a 
volatile comiwund of al metal containing 
moi'e than three alkyl grou])s. 

14. .\ fuel for internal combustion engines 
comprising a hydrocai'bAn motor fuel con¬ 
taining a relativelv small proportion of a 
volatile and oil soluble com})ound of a metal 
containing more than thn'e alkyl groups. 

15, A fuel for internal -ombustion engines 
compi'ising kerosene or gasoline; and a vola¬ 
tile alkyl compound of a metallic element 
homogeneously incorporated therein. 

10. .\ fuel for internal combustion enginel 
comiirising a low cc^mpi'L'ssion motor fuel; 
and a volatile ethyl compound of a metallic 
e'ement homogeneously incorporated therein 
and adajited to be vajiorized in an intemal- 
combu.stion engine Ix'fore combustion of the 
fuel therein. 

17. A fuel for internal combiu:tion engines 
comprising a low comjin'ssion motor fuel; 
and an alkyl comixmnd of a metal in the 
ri:rht hand column of a irroup between the 
third and seventh groups of Mendeleef's 
table. I 
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18. A fiu‘l for internal eoinl)usti()n cn^rines 
eomprisinjr u low eoinpivssion motor fuel; 
and a volatile lead compound homogeneously 
incorporated therein. 

It). A fuel for internal combustion enjrines 
compi’isiniT a low compression motor fuel; 
and an.alkyl coinjxmml of lead. 

*20. A fuel for internal combustion entrines 


comprising kerosene or gasoline; and an 
ethyl compound of lead. 

21. A fuel for internal combustion engines 
comprising gasoline; and tetraethyl lead. 

In testimony whereof I hereto affi.x my sig¬ 
nature. 

THOMAS MIDGLEY, Jr. 


Certificate of Correction. 

It is hereby certified that in I.efters Patent Xo. l.oT.'hStG. granted February 23. 
1820. upon the apjdication of Thomas Midgley. dr., of Dayton, Ohio, for an im- 
j>rovement in "Methods and .Means for Tsing Motor Fuels," an error appears in 
the printed specilication requiring correction as follows: Page 1, line 02, for the 
w()nl “ pro{>er" read poon-r; and that the said Letters Patent should be read with 
this correction therein that the same may conform to the record of the case in the 
Patent Oiiice. 

Signed and sealed this 22d day of June. A. i). 1020. 

[seal.] ‘ ^r. J. MOORE, 

Acting Co'lriniissioner of Patents. 
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UNITED STATES 
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LEADIZED GASOLINE 

Frederick W. SnlliTan, Jr^ Hammond, Ind^ 

Fred F. Diwoky, Chlcaro, HL, anixnors to 
Standard Oil Company, Chicayo, HL, a corpora¬ 
tion of Indiana 

Application March 21, 1932. Serial No. 600,222 

12 Claims. (CL 204—31) | 

This invention relates to processes of preparing to carry out the decomposition within a body of 
hydrocarbon compounds of lead and it comprises liquid hydrocarbon. 

a process wherein a hydrocarbon, for example Referring more particularly to Pig. 1 a reaction 
hexane, is dissociated by the action of an electric vessel 1 contains a body oj! liquid hydrocarbons, 

5 spark to liberate free alkyl radicals such as such as hexane or heptane. Above the liquid 60 
methyl, ethyl, propyl or higher alkyl radicals, level of the hydrocarbon, spown at 3, we provide 
and these reaction products are caused to com- lead electrodes 4. The lead electrodes pass 
bine with lead whereby lead alkyl compounds through the sides of the Vessel 1 through insu- 
are formed. lating bushings 5. The electrodes are connected 

10 Hydrocarbon compounds of lead, such as tetra to a source of high voltage alternating current 65 
ethyl lead, have been known for a number of by current conductors 6. |a heating coil 14 is 
years and are, at the present time, used in great provided in receiver 1 to facilitate vaporization 
quantities as anti-knock substances in motor of the hydrocarbon thereiiu. At the top of the 
fuels. In general, these lead alkyl compounds reaction vessel there is provided an outlet con- 
13 are prepared by reacting an alkyl chloride or duit 7 for reaction product^. Conduit 7 leads to 70 
bromide with a lead alloy such as an alloy of condenser 8 terminating j in a receiver 9. A 
sodium and lead. There are a number of other vacuum pump, not shown, is connected to the 
ways of making lead alkyl compounds all of which receiver 9 by conduit 10 and condensed reaction 
in general require the use of an alkyl chloride products may be withdra^ from the receiver 9 
20 and an expensive metal such as sodium or mag- through valved outlet ll.j Cooling coils 12 are 75 
nesium or alloy thereof. advantageously provided p maintain the con- 

We have now found that hydrocarbon com- tents of receiver 9 below 2 ^ volatilizing tempera- 
potmds of lead can be prepared directly from ture. [ 

metallic lead and hydrocarbons; we find that it In the operation of the device shown in Figure 
25 is iJossible to dissociated hydrocarbons by means 1, a hydrocarbon, which niay be either liquid or gO 
of an electric spark whereby free alkyl radicals gas. and which yields free lalkyl radicals on elec- 
are formed and that these free radicals will com- tro^ermal dissociation, ijs maintained in the 
bine with lead. reaction vessel 1. The system is preferably main¬ 

our process is characterized by providing a high tained under a reduced pfessure, for example 1 
30 tension electric arc of the order of 25,000 volts, to 5 millimeters of merciliry absolute although 85 
between lead electrodes and maintained either in higher pressures can be usejd. Under these condi- 
a body of liquid hydrocarbon or in a body of hy- tions, a certain amoimt i)f liquid hydrocarbon 
drocarbon vapors, the hydrocarbon being one will volatilize into the v^por space above the 
which, when subjected to the action of the arc, liquid level. Upon the institution of an arc be- 
35 dissociates to give free-alkyl radicals. Thus, im- tween the lead electrodes,! as by the application 90 
der the conditions of our invention, such disso- of a high tension current at about 25,000 volts 
ciation of the hydrocarbons occurs in the region thereto, volatilized hydr<^arbon in the vapor 
of the arc and in contact with metallic lead, space above the liquid level is dissociated. At the 
either in fine particle form or as a lead “fog”, same time a fog or “mist” of lead particles is 
40 as will be more fully explained. These condi- generated from the lead electrodes. The hjrdro- 95 
tions. we find, are therefore appropriate to the carbon dissociation produjcts contain free alkyl 
immediate formation of significant quantities of radicals which immediately unite with the lead 
alkyl compounds of lead by reaction of the lead fog to form volatile lead-alj^l compounds, '^ese 
with the free alkyl radicals. The lead compoimds volatile lead-alkyl compoujnds together with xm- 
45 thus obtained can be recovered either in a pure dissociated hydrocarbon viqpors pass upwardly 100 
state or in solution in the hydxocarbon liquid in into conduit 7, condense in condenser 8, and 
which they are formed. collect in receiver 9. It Is sometimes desirable 

On the appended single sheet of drawings we although not essential, to jprovide receiver 9 with 
have indicated two advantageous ways of carrying cooling means, such as refrigerator coils 12, in 
50 out our process. In Figure 1, we have diagram- order to keep the lead cobipounds in the liquid lOS 
matically shown suitable apparatus for carrying state under the low pressuij^ conditions employed, 
out our process when the decomposition occurs in These lead compoimds ipre very volatile sub¬ 
vaporized hydrocarbon material. In Figure 2 stances. | 

we have shown an advantageous form of ap- Since the lead alkyl coznpounds are formed at 
55 paratus for use in our process when it is desired the expense of the lead electrodes, the latter U® 
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f contributing to the lead fog described above, we 
advance the electrodes during the course of the 
reaction so that the arcing distance between 
them remains approximately the same. As a 
5 rule, the arc is about 1 to 20 millimeters long. 
That is to say. the ends of the electrodes are 
spaced apart about 1 to 20 millimeters. We 
mamtain this distance throughout the reaction 
by advancing the electrodes to compensate for 
10 loss of lead from their arcing surfaces. This may 
be done in any convenient manner. 

When using relatively high boiling hydro¬ 
carbon liquids such as hexane or heptane, it is 
sometimes advantageous to raise the temperature 
15 of the hydrocarbon liquid slightly to increase the 
vapor pressure of the liquid. This is, easily done 
by passing a heating fluid through heating coil 
14 within the reaction vessel. Likewise, if the 
heat of the arc causes too much volatization, a 
20 cooling fluid can be passed through coil 14 to 
restrain vaporization. The reaction product, 
which consists mainly of hydrocarbon com¬ 
pounds of lead, volatilized and condensed undis¬ 
sociated hydrocarbons, and uncondensible reac- 
25 tion products such as hydrogen, is cooled in con¬ 
denser 8 to a temperature which insures the 
condensation of the Icad-alkyl compounds as 
w’ell as the undissociated hydrocarbon liquid. 
The uncondensible gases, such as hydrogen, pass 
30 out of the system through outlet 10 . 

The reaction products collected in receiver 9 
consist very largely of lead-alkyl compounds dis¬ 
solved in the condensed hydrocarbon fluid. 
When we wish to impart anti-knock qualities to 
35 a gasoline, we advantageously add to the gasoline 
the desired quantity of lead-alkyl compoimds in 
solution in the hydrocarbon liquid as obtained in 
receiver 10. This obviates the necessity for re¬ 
covering the lead compounds in a substantially 
40 pure state from the hydrocarbon liquid. The 
lead compounds can be recovered, however, in 
ways well known, for example by fractional dis¬ 
tillation. 

Our invention also provides a very convenient 
45 method of incorporating soluble lead compoimds 
in gasoline itself. When we wish to do this we 
use gasoline as the hydrocarbon liquid in reaction 
vessel 1 and obtain a reaction product in receiver 
9 consisting of condensed undecomposed gasoline 
60 in which the lead alkyl compounds are dissolved. 

When using liquid hydrocarbons in the appa¬ 
ratus shown in Figure 1. the yield of lead-hydro¬ 
carbon compounds is a significant, though vari¬ 
able, quantity, depending, of course, upon such 
65 factors as the capacity of the apparatus, the rate 
of vaporization of the hydrocarbon liquid, the 
cross-sectional area of the lead electrodes and 
hence the amount of lead fog generated, the pres¬ 
sure in the system, and the particular hydro- 
60 carbon liquid chosen. 

The product obtained in receiver 9 can be 
fractionally dLstilled to obtain the lead com¬ 
pounds in a substantially pure state and. when 
this is done, we advantageously recycle undis- 
65 sociated hydrocarbon. In this manner we are 
able to convert the larger portion of the original 
quantity of hydrocarbon material to lead com¬ 
pounds. 

Cooler 12. in receiver 9 should be operated at 
70 such a temperature that no lead compounds 
collected in the receiver volatilize under the pres¬ 
sure conditions employed. When the pressure 
in the system is about 5 millimeters, the cooler 
should be at about —10* C. 

When we wish to obtain a product consisting 


substantially of lead compounds free of unde¬ 
composed hydrocarbon material, we find it more 
advantageous to use normally gaseous hydrocar¬ 
bons as the source of alkyl radicals. In this mod¬ 
ification. we introduce gaseous hydrocarbons 80 
such as methane, ethane, propane or butane into 
the reaction vessel 1 through valved inlet 13. 
Since these substances are gaseous, the system 
need not be under reduced pressure and cooling 
coil 12 is unnecessary. Product obtained in re- 85 
ceiver 9 consists substantially of lead-hydrocar¬ 
bon compounds, and undissociated gaseous hy¬ 
drocarbons leaving the receiver through outlet 
10 can be recycled back to vessel 1. Hydrogen 
constitutes one of the reaction products obtained 90 
in the electrothermal dissociation and in the 
event that the hydrogen in the recycled hydro¬ 
carbon gases becomes too great, portions of the 
recycled gas can be vented to the atmosphere. 

In Fig. 2. the reaction vessel 1 is provided 95 
with a valved inlet 13, lead electrodes 4. insulating 
busings 5, and a reflux condenser 16. The re¬ 
action vessel is also provided with valved out¬ 
let 17 and a gas conducting pipe 18 which ter¬ 
minates at a point immediately beneath the ad- lOO 
jacent ends of the electrodes. A body of hydro¬ 
carbon liquid 2 is maintained in the reaction 
vessel in such a manner that the liquid level 3 
of the hydrocarbon is above the electrodes. 

High tension current leads 6 are provided as 105 
in Fig. 1. 

In the operation of the device shown in Pig. 

2 a body of hydrocarbon liquid, for example, 
hexane or pentane, is maintained in reaction 
vessel 1 and an electric arc established between no 
adjacent ends of electrodes 4. To assist in the 
initial establishment of the arc, we provide pipe 
18 for the admission of a suitable gas such as 
hydrogen or ethylene. The hydrogen or ethylene, 
admitted to the space between the arcing sur- 115 
faces of the electrodes, temporarily decreases the 
resistance to the passage of current across the 
arcing space which would otherwise exist due 
to the hydrocarbon liquid. The bubbles of hy¬ 
drogen or ethylene thus enable the arc to start. 120 
After the arc has been established the flow of 
hydrogen or ethylene may be terminated and 
the arc will continue to function. 

As soon as the arc is established, a certain 
amount of colloidal lead is formed in the body 125 
of hydrocarbon liquid as well as quantities of 
lead vapor. This is advantageous. The arc, 
when once established, dissociates the hydrocar¬ 
bon liquid between the arcing surfaces with the 
liberation of free alkyl radicals. These combine 130 
at once with the lead in colloidal solution in the 
liquid or with the lead vapor from the electrodes. 

We also provide means to advance the electrodes 
so as to keep the arcing distance constant as the 
electrodes wear away. 135 

The lead alkyl compounds formed remain dis¬ 
solved in the body of hydrocarbon liquid and 
after a sufficient amount of lead is consumed 
we withdraw the reaction products through out¬ 
let 17. A reflux condenser 16 is provided to 
return hydrocarbon liquid which might be vol¬ 
atilized due to the heat of the arc. 

As in the process described in connection with 
Pig. 1, we use a high tension current at about 
25.000 volts or more. In the alternative method 
just described it is imnecessary to operate imder 
a high vacuum. The process may be conducted 
under ordinary atmospheric pressure. 

When carrying out our process in accordance 
with the showing in Fig. 2, all that is necessary 
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is to maintain the arc within a body of hydro¬ 
carbon liquid. It need not be heated. 

In our invention we can use any hydrocarbon 
liquid or gas. including the olelln hydrocarbons 
5 such as ethylene or propylene, so long as the 
hydrocarbon is one which can be dissociated by 
an electric spark to liberate free alkyl radicals. 

Having thus described our invention, what we 
claim is: 

10 1. The process of preparing hydrocarbon com- 

povmds of lead which comprises establishing a 
high tension arc within a body of hydrocarbon 
material of the type yielding free allb^l radicals 
on dissociation, immediately contacting the hy- 
15 drocarbon dissociation ijroducts thus formed with 
metallic lead whereby the free alkyl radicals in 
said products combine with the lead to form hy¬ 
drocarbon compounds of lead, and immediately 
removing the latter from the zone of the arc. 

20 2. The process of preparing hydrocarbon com¬ 

pounds of lead which comprises establishing a 
high tension arc within a body of hydrocarbon 
gas of the type yielding free alkyl radicals on 
dissociation, immediate contacting the hydro- 
25 carbon dissociation products with metallic lead 
whereby the free alkyl radicals in said products 
combine with the lead to form hydrocarbon 
compounds of lead, and immediately removing 
the latter from the zone of the arc. 

30 3. The process of preparing hydrocarbon com¬ 

pounds of lead which comprises establishing a 
high tension arc within a body of a liquid hydro¬ 
carbon of the type yielding free alkyl radicals on 
dissociation, immediately contacting the hydro- 
35 carbon dissociation products with metallic lead 
whereby the free allb^l radicals in said products 
combine with the lead to form hydrocarbon com¬ 
pounds of lead, and withdrawing the resulting 
solution of lead-hydrocarbon compounds from 
40 the zone of the arc after the desired quantity 
of such compoimds has been formed. 

4. The process of preparing hydrocarbon com¬ 
poimds of lead which comprises establishing a 
high tension arc between lead electrodes within 

45 a body of a hydrocarbon of the type which jnelds 
free alkyl radicals on dissociation thereby com¬ 
bining the free alkyl radicals thus formed with 
metallic lead and immediately removing the lead- 
hydrocarbon compounds from the zone of the 
50 arc. 

5. The process of preparing hydrocarbon com¬ 
pounds of lead which comprises establishing a 
high tension arc between lead electrodes within 
a body of hydrocarbon gas of the type yielding 

55 free alkyl radicals on dissociation thereby com¬ 
bining the free alkyl radicals thus formed with 
metallic lead and immediately removing the lead- 
hydrocarbon compounds from the zone of the arc. 

6. The process of preparing hydrocarbon com- 
60 pounds of lead which compris^ establishing a 

high tension arc between lead electrodes immersed 
in a body of a liquid hydrocarbon of the type 
yielding free alkyl radicals on dissociation, there¬ 
by combining the free alkyl radicals thus formed 
65 with metallic lead and withdrawing the resulting 
solution of lead-hydrocarbon compoimds from 
the zone of the arc after the desired quantity of 
such compounds has been formed. 
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7. The process of prepjaring a hydrocarbon 

liquid containing organic cbmpounds of lead dis¬ 
solved therein which conjiprises dissociating a 
vaporized hydrocarbon by a high tension arc in 
the presence of metallic lead, the hydrocarbon be¬ 
ing one which yields free klkyl radicals on such 
dissociation, whereby hydrbcarbon compounds of 
lead are formed, and then cjondensing the reaction 
products. j 

8 . The process of prepfaring a hydrocarbon 
liquid containing organic Compounds of lead dis¬ 
solved therein which coiiiprises dissociating a 
hydrocarbon gas by a hikh tension arc in the 
presence of metallic lead, me hydrocarbon being 
one which yields free alkyl radicals on such dis¬ 
sociation whereby hydrocarbon compounds of 
lead are formed, and theii condensing the reac¬ 
tion products. 

9. The process of preij>aring a hydrocarbon 

liquid containing organic compounds of lead dis¬ 
solved therein which cocfiprises maintaining a 
body of a liquid hydrocarbon, and establishing a 
high tension arc therein in{ the presence of metal¬ 
lic lead to dissociate a portion of said hydrocar¬ 
bon to form free alkyl radicals, whereby hydro¬ 
carbon compounds of lead are formed and dis¬ 
solve in the main body hydrocarbon liquid, 
the hydrocarbon being bne which yields free 
alkyl radicals on such diss^iation and withdraw¬ 
ing the resulting hydrocarbon solution of lead- 
hydrocarbon compounds f^om the zone of the arc 
after the desired quantity |of such compounds has 
been formed. j 

10. The process of preparing a hydrocarbon 
liquid containing organic Compounds of lead dis¬ 
solved therein which comprises dissociating a 
vaporized hydrocarbon bv a high tension arc 
maintained between lead' electrodes, the hydro¬ 
carbon being one which ylields free alkyl radicals 
on such dissociation, whereby hydrocarbon com¬ 
pounds of lead are formejd, and then condensing 
the reaction products. | 

11. The process of preparing a hydrocarbon 

liquid containing organic compounds of lead dis¬ 
solved therein which comprises dissociating a hy- 120 
drocarbon gas by a high [tension arc maintained 
between lead electrodes, the hydrocarbon being 
one which yields free alkyl radicals on such dis¬ 
sociation whereby organic compounds of lead are 
formed, and then condensing the reaction i 2 S 
products. I 

12. The process of preparing a hydrocarbon 
liquid containing organic! compounds of lead dis¬ 
solved therein which cbmprises maintaini^ a 
body of a liquid hydrocarbon and establishing a 130 
high tension arc therein!between lead electrodes 

to dissociate a portion bf said hydrocarbon to 
form free alkyl radicals, whereby hydrocarbon 
compounds of lead are foifmed and dissolved in the 
main body of hydrocarbon liquid, the hydrocarbon 135 
being one which yields fr|ee alkyl radicals on such 
dissociation, and withdrawing the resulting hy¬ 
drocarbon solution of iead-hydrocarbon com¬ 
pounds from the zone of ithe arc after the desired 
quantity of such compounds has been formed. 140 
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This invention relates to processes of preparing 
gasoline containing hydrocarbon compounds of 
lead and it comprises processes wherein gasoline 
is chlorinated with chlorine resulting from the 
electrolysis of fused sodium chloride in the pres¬ 
ence of lead and the chlorinated gasoline reacted 
with lead-sodium alloy obtained in said electrol¬ 
ysis. 

Tetra ethyl lead is a common ingredient in 
gasoline at the present time and is added to im¬ 
part anti-detonating qualities to the gasoline. 
This “anti-knock” substance is customarily pre¬ 
pared by reacting ethyl chloride with a lead- 
sodium alloy. Its manufacture involves great 
industrial hazard and thi product is expensive. 
The tetra-ethyl lead, made in the manner just 
described, is then incorporated in gasoline in 
certain definite proportions. 

It is an object of the present invention to im¬ 
part anti-detonating qualities to gasoline without 
the necessity of preparing tetra-ethyl lead or 
highly concentrated lead compounds. My in¬ 
vention has for its object the formation of hy¬ 
drocarbon compounds of lead within the body of 
gasoline, in other words, in situ, so that I can 
dispense with the necessity for transporting tetra¬ 
ethyl lead and with the handling of this very 
poisonous material. 

I have now found that gasoline can be chlo¬ 
rinated to such an extent that significant quanti¬ 
ties of hydrocarbon chlorides are formed therein 
and that such hydrocarbon chlorides, while dis¬ 
solved in the gasoline, will react with metallic 
lead, advantageously in the form of a lead-sodium 
alloy, to give me satisfactory quantities of hydro¬ 
carbon compounds of lead. Both operations are 
thus conducted in a large volume of gasoline and 
the hazards attendant the use of tetra-ethyl lead, 
or strong solutions thereof are avoided. More¬ 
over. my process is less expensive and anti-det¬ 
onating characteristics can be given the gasoline 
at less cost. It is not necessary that the pure 
substance, tetra-ethyl lead, be formed. So long 
as soluble hydrocarbon compounds of lead are 
formed within the body of the gasoline, as in my 
process, satisfactory anti-detonating properties 
are conferred on the gasoline. However, if de¬ 
sired, laad-hydrocarbon compounds having hy¬ 
drocarbon radicals of the order of ethyl and 
propyl csin be formed in the body of gasoline by 
dissolving therein, prior to chlorination, suit¬ 
able quantities of ethane, propane, and butane, 
or imsaturated hydrocarbons having a like num - 
ber of carbon atoms such as, for example, cthyl- 


Advantageously in my process, and in the in¬ 
terest of economy, I makej use of the products of 
electrolyzing fused sodium chloride in the pres¬ 
ence of metallic lead. Tne electrolysis of fused 
salt, to make caustic sodi is well known and is go 
employed commercially. Ordinarily, in the oper¬ 
ation of such electrolytic c ells, chlorine is evolved 
at the anode and sodium plates out on a molten 
lead cathode. The soditm immediately alloys 
with the lead. When it i^ desired to make caus- gj 
tic soda the lead-sodium alloy is then reacted 
with water. In my proems, however. I simply 
withdraw the sodium-lead alloy and react it with 
chlorinated hydrocarbons resulting from the 
chlorination of the gasolirie by means of chlorine 70 
evolved from the same cell. Any unreacted lead- 
sodium alloy is ultimate!^ returned to the elec¬ 
trolytic cell. Thus, my process produces a gaso¬ 
line containing anti-knock substances derived 
from sodium chloride, n^etallic lead, electrical 75 
energy, and the gasoline itself. Since at no time 
do I have present quantjties of pure or highly 
concentrated hydrocarbon compounds of lead, 

I have greatly reduced the industrial hazards in 
this art. j 30 

On the appended single sheet of draw’ings I 
have indicated in somewhat diagrammatic form 
a typical apparatus set-ujp which I find advan¬ 
tageous for use in my prtscess. 

Referring to the drawiiig, a chlorination vessel 35 
1 is supplied with a chlorine inlet 2 which termi¬ 
nates in a plurality of distribution orifices within 
the vessel. Gasoline to bf chlorinated enters the 
vessel by way of pipe Sjand provision for the 
introduction of ethane, ptopane, butane, or un- 90 
saturated hydrocarbons such as ethylene and 
propylene is made at piiie 4. The chlorinated 
products together with g 4 soline leave vessel 1 by 
way of pipe 5 and enteij- reaction vessel 14 as 
shown. j 92 

An electrolytic cell 6 is provided with anodes 7 
to which the positive terminal 8 of the electric 
circuit is connected. Th^se anodes may suitably 
be made of graphite. Pi^ 9 serves for the in¬ 
troduction of fused soditum chloride and lead, jqq 
A body of molten lead 6 a. serving as a cathode, 
lies along the bottom of the cell and the negative 
terminal 11 of the sourc^ of current is conven¬ 
iently attached to metallic conduit 10 which con¬ 
duit also permits the withdrawal of lead-sodium 105 
alloy from the bottom of the cell. 

During electrolysis of the fused sodium chlo¬ 
ride. chlorine is evolved ap the top of the cell and 
leaves by way of conduit 2 to enter chlorination 
vessel 1. Sodium platei out on the body of no 
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■ molten lead cathode, alloys therewith, and the the bottom of reaction vessel 14 into separator 24*- 

sodium-lead alloy is pximped through pipe 10, and thence to fusion vessel 29. 
pump 12 and pipe 13 to the top of reaction vessel In the operation of the apparatus illustrated, 

14. As stated, chlorination products dissolved in the electrolytic cell 6 is charged with fused so- 
5 gasoline flowing from vessel 1 are conducted to dium chloride advantageously mixed with some g^ 
i reaction vessel 14 by pump 5 and pipe 5a. A by- potassium chloride for the pxirpose stated above. 

pass 15, pump 16, vaporizer 17, and pipe 18 serve and a layer of molten lead provided on the bot- 
to by-pass a part of the chlorination product to tom of the cell. The cell is then operated in the 
the top of vessel 14 in close proximity to the out- usual way for preparing caustic soda. Gener- 
10 let of pipe 13. This is to provide means to ally the direct current is very high, usually about «_ 
atomize the lead-sodium alloy so that it is finely 8300 to 8500 amperes with a current density of 
divided before mixing with the chlorination prod- 2800 amperes per square foot at the anode. Nor- 
uct in reaction vessel 14. The by-passed gasoline mally the voltage is about 6.5 volts and the out- 
containing chlorinated hydrocarbons is pumped put of a cell about 3 feet x 6 feet having 4 an- 
15 xmder pressure by pump 16 and vaporized to some odes with an effective surface of about 3 square „ 
extent in vaporizer 17 so that when it meets feet in all is roughly 495 pounds of chlorine per 
molten alloy flowing through pipe 13 the alloy 24 hours. Advantageously I provide a number of 
is atomized into fine particles. such cells feeding the chlorine to a chlorine main 

i The atomized particles of alloy drop through which in turn supplies a plurality of chlorina- 

20 body of chlorinated products in the reaction tion vessels. The electrol^ic cell as stated, is 
vessel. Since the molten alloy is at a high tern- initially provided with a molten lead cathode ^ 
perature, considerable heat is given up to the which, as the electrolysis proceeds, is converted 
' body of gasoline and chlorinated products and, to lead-sodium alloy. Portions of the alloy are 

in general, the temperature of the mixture under- withdrawn from time to time to provide reagent 
25 going reaction in vessel 14 is 300’ to 600’ F. in reaction vessel 14 and. as described, excess alloy 
Within reaction vessel 14, the chlorinated com- is returned to the cell. As lead is consumed in 
pounds are converted to hydrocarbon compounds the reaction forming lead compounds, further 
of lead which are soluble in the gasoline present quantities of metallic lead can be added to the 
and the solution is withdrawn through valved pipe fusion vessel to make up for that consumed. 

30 19 and cooled by cooler 20. If desired, part of Virgin gasoline can be used in my process and 
the cooled product may be recycled through the introduced into the chlorination vessel 1 but I 
line 21 and pump 21a back to the reaction vessel find it more advantageous to chlorinate a 
14 to control the temperature of the reaction. cracked gasoline. The amount of gasoline flow- 
Unreacted lead-sodium alloy collects at the ing intermittently or continuously to the chlorin- 
bottom of the vessel 14. This excess alloy is con- ation vessel will of course depend upon the 
veniently withdrawn from time to time through amount of chlorine available in any xmit of 
outlet 22 provided with valve 23 and conducted time. Generally I obtain a chlorine absorption 
to a separator 24. The separator is provided of approximately .05 percent of the weight of the 
with a screw conveyor 27 to remove spent alloy gasoline. Some hydrochloric acid gas may be 
40 and other separating reaction products. This evolved and this can be vented to the atmosphere 
arrangement is for the purpose of recovering any by means of vent 25 shown at the top of the chlo- 
liquid products which flow out with the particles rination vessel. 

of lead alloy and such liquid products are with- It is usually imnecessary to add hydrocarbons 
drawn by way of pipe 26 and imited with liquid such as ethylene and this is especially true when 
45 product flowing out of the vessel by way of line 19. cracked gasoline is used. However. I find it 
The conveyor 27 is caused to rotate so as to with- advantageous some times, depending upon the 
draw the lead alloy from separator 24 and con- character of the hydrocarbons In the gasoline, to 
duct it to a fusion vessel 29 by way of pipe 28. introduce quantities of normally gaseous ali- 
Pusion vessel 29 is disposed within a furnace 30 phatic hydrocarbons by way of pipe 4. If the 
50 advantageously heated by oil burners 31. character of gasoline being treated is such that 
Sodium chloride to be fused is fed into the fusion it is difficult to convert small portions of it rap- 
vessel through inlet 34. I advantageously mix idly to hydrocarbon chlorides, the introduction 
some potassium chloride with the sodium chlo- of ethylene or propylene may be resorted to and 
ride in order to reduce the temperature necessary I can thus prepare lower aliphatic chlorides with- 
55 to fuse the sodium chloride. Sodium chloride in the body of gasoline. Generally speaking, 
melts at 772° C. but the addition of potassium quantities of material and size of apparatus 
chloride reduces this somewhat. As stated, ex- should be so proportioned that the final product 
cess lead alloy is also conducted to the fusion obtained from pipe 26 contains about 0.2 to 0.4 
vessel 29. Should this be contaminated to any percent of hydrocarbon compounds of lead. 

60 extent with gasoline containing lead compounds. This will vary with the nature of the hydrocar- 
most of which, however, flows from vessel 14 by bon compovmds. some of them being more effec- *35 
way of pipe 19, I provide an outlet 32 and con- tive anti-detonating agents than others, but. 
denser 33 to recover such desired reaction prod- chlorination should proceed to such an extent 
ucts by driving them off from the lead alloy that subsequent conversion of chlorinated prod- 
65 undergoing fusion in vessel 29. ucts by reaction with the lead alloy will be suffi- 

The mixtiure of lead alloy and fused sodium cient to give me a gasoline containing approxi- 
chloride is transferred from vessel 29 through mately 0.2 to 0.4 percent of dissolved hydrocar- 
pipe 35 and pump 36 to the cell inlet 9 and in bon compounds of lead. However, higher con- 
this manner any unconsumed lead alloy can be centrations of lead compounds may be obtained 
70 easily recovered for re-use. The vessels may and the product may be used as blending stock, 
conveniently be arranged for gravity flow from Thus a stock containing 4% of lead as lead com- 
vessel 29 to cell 6. pounds may be diluted with about 10 volumes of 

With the apparatus shown the process can be untreated gasoline to give a satisfactory anti¬ 
conducted continuously by allowing small knock fuel. The extent of chlorination governs 
75 amounts of unconsumed lead alloy to flow from the amount of lead compounds ultimately formed 
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Since the reaction with lead alloy is practically 
quantitative. 

Lead alloy leaving the electrolytic cell is at a 
high temperature. Pure lead melts at about 
5 620° F. IT the lead contains 13 parts of sodium 
alloyed therewith the melting point of the alloy 
is about 624° F. I find it desirable to so regu¬ 
late the electrolysis of the fused salt that the 
lead alloy contains from 5 to 15% of sodium. 
10 Such an alloy will leave the cell at a temperature 
at least high enough to melt the alloy (about 625° 
F.) and generally considerably higher since the 
fused salt is at a temperature of about 770° C. 
or somewhat less if potassium chloride is mixed 
15 therewith. When the molten alloy meets the 
volatized chlorination products by-passed 
through pipe 15, the alloy may be chilled some¬ 
what and. at the same time, quickly atomized 
so that alloy falling into the body of chlorina- 
20 tion products in vessel 14 is in a finely divided 
condition. This of course is desirable since it 
promotes reaction. Sometimes the lead alloy, 
after being atomized, remains molten. In this 
event, the atomized liquid mixes with the body 
25 of liquid hydrocarbon in the reaction vessel as 
a finely divided temporary suspension. How¬ 
ever. as it settles down through the body of hy¬ 
drocarbon, it solidifies in small particle form. 

The heat derived from the hot lead alloy is tisu- 
3P- ally sufficient to heat up the contents of the re¬ 
action vessel to reaction temperature, advanta¬ 
geously about 300° to 600° F. Further quantities 
of heat are also imparted to the contents of the 
vessel by the vaporizer 17. The reaction vessel 
35 should be large enough to give adequate time of 
contact between the particles of lead alloy and the 
liquid therein before the alloy collects at the bot¬ 
tom of the vessel. 

The best temperatures to be maintained within 
40 the reaction vessel depend upon the composition 
of the alloy. When the content of sodium therein 
is low, in the neighborhood of 2 or 3%, somewhat 
higher temperatures, 600° F. or more, are neces¬ 
sary and. when the sodium content is high, about 
45 15%. lower temperatures around 300° F., are sat¬ 
isfactory. However, if the sodium content of the 
alloy is too high the current efficiency of the cell 
will be low. I therefore so regulate the action 
of the cell that I obtain an alloy containing from 
50 5 to 15 percent of sodium. This gives me satis¬ 
factory current efficiency in the cell and also suffi¬ 
cient sodium in the alloy to obtain satisfactory re¬ 
action temperatures and reaction rates within the 
reaction vessel 14. An alloy containing 5 to 15 
S.'; percent of sodium will react satisfactorily at any 
temperature within the range of 300° F. to 600° F. 

Should the sodium content of the alloy be be¬ 
low 5 percent, and thus require a reaction temper¬ 
ature of over 600° F. in the reaction vessel, I can 
CZ supplement the heat derived from the molten 
alloy by by-passing and vaporizing more chlorina¬ 
tion products through pipe 15. Sometimes it is 
desirable to operate at reaction temperatures such 
that the lead alloy retains its molten state 
cr> throughout the reaction. This of course requires 
that the alloy shall not be chilled below solidify¬ 
ing temperature during the atomizing stage and I 
accordingly by-pass and vaporize more chlorina¬ 
tion products when this is desired. In such case 
75 the molten alloy which has not been consumed 
collects in the bottom of the reaction vessel and is 
run off through outlet 22. Such molten alloy con¬ 
tains practically no liquid reaction products and 
I can therefore dispense with the separator and 
75 conveyor arrangement, and conduct the molten 


alloy directly to the fusion vessel for recovery 
and re-use. I 

Since the reaction vessel is znaintained at a high 
temperature, in excess of thje boiling point of the 
hydrocarbon fiuids therein,! it is necessary that 80 
the whole system be kept imijier pressure sufficient 
to maintain the hydrocarbon fiuids in the liquid 
condition. This pressure vajries with the temper¬ 
ature and may be about 300-800 pounds per 
square inch. 85 

It will of course be obvious that other arrange¬ 
ments of apparatus can be ecliployed together with 
ntunerous details to facilitatje the handling of the 
materials. I therefore do i|iot wish to be bound 
by the specific form of apparatus illiistrated. 90 

The gasoline product obiained in my process 
contains 0.2 and 0.5 percent! or more of dissolved 
hydrocarbon compounds of ^ead the hydrocarbon 
radicals of which have been | directly derived from 
the gasoline itself. Tbls product is highly anti- 95 
detonating and is superior td gasoline made by the 
addition of antiknock substances. Although I am 
not prepared to state the exdkCt natiire of the lead- 
hydrocarbon compounds in my gasoline I believe 
that they are more complex in chemical structure joq 
than the simple alkyl compounds and their hy¬ 
drocarbon radicals contain] in general at least 4 
carbon atoms. They are brobably mixtxn-es of 
lead derivatives of various ^meric liquid hydro¬ 
carbons having from 4 to 7 j carbon atoms. 205 

Although as statedsabove.jconversion of chlorin¬ 
ated hdrocarbons to lead compounds appears to 
be substantially quantitative, small amounts of 
chlorinated hydrocarbons may be left in the final 
product and assist in the ;mtidetonating action 210 
of the lead when the fuel is burned in the en¬ 
gine. The quantity of lead compounds formed in 
the operation is determined by the extent of 
chlorination. I may discard part or at times, all 
of the chlorine through valved line 2a, to control 22s 
the extent of chlorination. [For this reason I have 
not specifically claimed aiiy particular propor¬ 
tional composition of gasdline and lead hydro¬ 
carbon compounds. | 

I also find that my gasoline product is practi- 220 
cally sulfur free because pf the fact that such 
sulfur compounds as may be present in the gaso¬ 
line are taken out by the I lead alloy. Thus the 
alloy not only converts chlorinated hydrocarbons 
to lead compounds but also desulphurizes the gas- 225 
oline. This is particularly Advantageous since the 
raw gasoline entering the system need not be 
highly desulfurized. I finid that in my process 
where the chlorinated hydr|ocarbons are di^rsed 
in a large volume of gasol^e, they may be con- 230 
verted into lead derivatives at higher tempera¬ 
tures without decompositiqn of the resulting de¬ 
rivatives. I 

Having thus described fiiy invention, what is 
claimed is: ' 236 

1. The process of preparing gasoline containing 
lead compounds which comprises electrolyzing 
fused sodium chloride in the presence of lead to 
form chlorine and a lead-bodium alloy, reacting 
the chlorine with gasoline t^o form chlorinated hy- 240 
drocarbons therein, and treating the gasoline con¬ 
taining the chlorinated hydrocarbons with the 
lead-sodium alloy to convert the chlorinated hy¬ 
drocarbons to hydrocarbop compounds of lead. 

2. The process of preparing gasoline containing 245 
lead compounds which cpmnrises electrolyzing 
fused sodium chloride in the presence of lead to 
form chlorine and a lead-lsodium alloy, reacting 
the chlorine with gasoline containing dissolved, 
normally gaseous, hydrocajrbons to form chlorin- 250 
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15 


20 


ated hydrocarbons therein, and treating the gaso¬ 
line containing the chlorinated hydrocarbon with 
the lead-sodium alloy to convert the chlorinated 
hydrocarbons to hydrocarbon compounds of lead. 

3. The process of preparing gasoline containing 
lead comix>unds which comprises electrol 3 rzing 
fused sodium chloride in the presence of le^ co 
form chlorine and a lead-sodium alloy, reacting 
the chlorine with gasoline to form chlorinated 
hydrocarbons therein, treating the gasoline con¬ 
taining the chlorinated hydrocarbons with the 
lead-sodium alloy to convert the chlorinated hy¬ 
drocarbons to hydrocarbon compoimds of lead, 
separating the gasoline containing the hydrocar¬ 
bon compounds of lead from xinreacted lead-sodi¬ 
um alloy, and uniting the latter With further 
quantities of fused sodium chloride to be electro¬ 
lyzed. 

4. The process of preparing gasoline containing 
lead compounds which comprises electrolsrzing 
fused sodium chloride in the presence of lead to 
form chlorine and a lead-sodium alloy, reacting 


the chlorine with gasoline containing dissolved, 
normally gaseous, aliphatic hydrocarbons to form 
chlorinated hydrocarbons therein, treating the 
gasoline containing the chlorinated hydrocarbons 
with the lead-sodium alloy to convert the chlorin¬ 
ated hydrocarbons to hydrocarbon compounds 
of lead, separating the gasoline containing the 
hydrocarbon comix>unds of lead from unreacted 
lead-sodium alloy, and xmiting the latter with fur¬ 
ther quantities of fused sodium chloride to be 
electrolsrzed. 

5. The process of preparing cracked gasoline 
containing lead compounds which comprises 
chlorinating the gasoline with chlorine, derived 
from the electrolysis of fused sodium chloride in 
the presence of lead, to form chlorinated hydro¬ 
carbons and treating the chlorinated hydrocar¬ 
bons with the lead-sodium alloy resulting from 
such electrolysis to form hydrocarbon compounds 
of lead. 

VANDERVEER VOORHEES. 
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11 Claims. 

This invention relates to metallo organic com¬ 
pounds and to processes of maiding the same, and 
particularly to products especially adapted for in¬ 
ternal combustion engines containing such metallo 
5 organic substances. This application is a con¬ 
tinuation in part of application. Serial No. 111,886, 
filed May 26, 1926, entitled "Process of making 
metallo organic compounds and compositions con¬ 
taining the same”. 

10 Recently there has been a marked development 
in special fuels best known perhaps in connection 
with the introduction of such compounds as lead 
tetra ethyl into low compression fuels. Other 
analogous br related metallo compounds have also 
15 been suggested. However, these metallo organic 
compounds have usually been made by more or 
less classic and long known processes with but 
slight modification. The preparation of these 
compounds by such processes on commercial scale 
20 for industrial use have given rise to great diffi¬ 
culties in connection with the handling of the in¬ 
gredients utilized and more particularly the prod¬ 
ucts sought. Such compounds as lead tetra ethyl 
have a highly poisonous character and even in 
25 very small amounts cause untold suffering and 
ultimately death in the case of workers who have 
come into contact with it during manufacture. 
Such happenings have been largely responsible for 
the agitation recently against both the sale and 
30 manufacture of these compounds and fuels con¬ 
taining them. 

Among the objects and advantages of the 
present invention is the preparation of such me¬ 
tallo organic compounds by processes which ellmi- 
35 nate to a large extent many of the hazardous 
elements of such manufacture, and enable the 
materials to be handled without danger, and in 
fact avoid many of the steps that have heretofore 
been found to be necessary in their preparation. 
40 Basically this invention involves the treatment 
of oils of hydrocarbon character or their deriva¬ 
tives so that they are converted into compounds, 
in part, or to a limited extent, which upon further 
treatment are readily converted into metallo or- 
45 ganic derivatives. It is thus seen that the metallo 
organic derivatives are prepared directly in the 
fuel or analogous material, and preferably from 
constituents of the fuel or analogous material it¬ 
self. without the addition of extraneous hydro- 
50 carbon sources. But this invention is not limited 
to such operation, since there may be added to the 
gasoline or other material treated, extraneous sub¬ 
stances either for the purpose of forming the 
metallo organic substances within the fuel, or as a 
55 partial source for such metallo organic substances. 


(Cl. 44—9) I 

some of the latter also being derived from the 
fuel or analogous material. 

As the source of hydrocarlj>on material that may 
be used there may be mentioned gasolines pro¬ 
duced by various processes and other hydrocarbon 5 
products that have fuel value. Such gasolines 
may be those from straight distillation processes, 
from cracking processes eittjier in the presence or 
absence of air. from natur^ gas, etc. It is de¬ 
sirable to have present somie of the lower mem- 10 
bers of the paraffin series, and consequently gaso¬ 
line containing such lowcjr parafilns such as 
ethane, propane, and butane are particularly de¬ 
sirable for treatment in t^ process. Further 
gasolines containing aromatics are also highly de- 15 
sirable since these are readily converted into the 
desired metallo organic com^imds referred to in 
more detail below. Purthejr, gasolines and' re¬ 
lated materials that have been produced during 
cracking or analogous heat and pressure treat- 20 
ment in the presence of air are highly advan¬ 
tageous. and more particularly when in such proc¬ 
esses the gasolines produced {contain even a .small 
amount of oxygen containing substances, such as 
the ethers, since such oxygen containing sub- 25 
stances often act catalytlcally in the processes of 
converting some of the de^ribed intermediate 
substances into metallo orgaijic compounds. 

When certain desired low |members of the par¬ 
affin series are not present Inithe gasoline or other 30 
material to be treated, they |nay be added to the 
same; and of course similar considerations apply 
to any other constituents thgt may be desired in 
the final products. However, instead of convert¬ 
ing the constituents of the gasoline or analogous 35 
material directly into the intermediate that is to 
be converted into the met{d|o compoimds, there 
may be added to the gasolln^ or similar material, 
a substance which will be converted into the me- 
taUo compound desired, the gasoline remaining 40 
substanti^y as it was before! the conv^rsiem and 
the metallo c(xnpunds being derived solely from 
the added substances. Any combination of these 
steps may be utilized dependilng on the products 
desired. 1 43 

Among the metals and n(!m-meta]s that may 
be introduced into gasoline bs^ the processes here¬ 
in set forth there may be inentioned lead. tin. 
silicon, antimony, arsenic, phosphorus, mercury, 
thallium, etc. In describing j the processes illus- 50 
tratlmis will be givox lowing the application to 
the introduction of lead int^ the gasolines, but 
this is done merely as Illustrative of what may 
be accomplished by the Invehtimi. since deriva¬ 
tives of the stated and other metals and non- 55 
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metals may be readily prepared by strictly anal¬ 
ogous processes. Lead compounds are, however, 
those generally in use and the illustrations are 
accordingly drawn with this in mind. But it 
5 will be obvious that various changes may be 
made in this disclosure by those skilled in the art 
without departing from the scope and spirit of 
this Invention. 

Primarily this invention is concerned with the 
10 preparation of the desired metallo organic com- 
poimd in the fuel or analogous material, so that 
the metallo organic compound does not have to 
be separately handled. The fuel may be present 
in a more limited quantity so that a concen- 
15 trated metallo organic containing product is ob¬ 
tained which may be obtained by distilling off 
the hydrocarbon products, or which may subse¬ 
quently be diluted with more fuel or gasoline or 
related substance to the concentration desired. 
20 Or the metallo organic substance or substances 
may be prepared in the gasoline or analogous 
material in a very dilute condition so that fur¬ 
ther dilution is unnecessary, and the special fuel 
is directly produced without more. 

25 In many of the reactions of making metallo 
organic derivatives, the presence of catalysts 
have been found to be highly desirable. Such 
catalysts usable herein are particularly referred 
to as Grignard catalysts since the catalysts gen- 
30 erally used for catalyzing the Grignard reactions 
may be used herein. As such catalysts there may 
be mentioned primary, secondary, tertiary amines 
and their alkyl addition products, such amines 
being aliphatic, aromatic or heterocyclic dcriva- 
35 tives. Examples are aniline, dimethylaniline, 
carbazol, phenyl hydrazine, quinoline, etc. Other 
catalysts that may be used are ether, ammonia, 
esters, ethers in general, etc., etc. Some of these 
compounds may exist in the gasoline or other 
40 material undergoing treatment, so that the addi¬ 
tion of such catalysts is not specifically neces¬ 
sary, On the other hand the catalysts may be 
added to the gasoline or analogous material, and 
when they are so added they may be selected 
45 from the named or other substances, with regard 
to their value in fuel compositions. Some of 
the simpler ethers, and amines pai'ticularly of 
the aromatic series may be thxis chosen. 

As pointed out above, the process herein dis¬ 
co closed involves two essential steps, namely, first 
the treatment of the gasoline or analogous ma¬ 
terial to render it capable of being qonverted in 
part into metallo organic compounds, or the 
addition to the gasoline or analogous substance, 
55 of compounds that may be readily converted Into 
such metallic derivatives, and second the forma¬ 
tion of the metallo compounds therefrom. The 
metallic derivatives which it is desired to pro¬ 
duce are the alkyls and aryls, such as lead tetra 
60 ethyl and antimony phenyl, and related sub¬ 
stances. But it will be understood that when 
the term metallic alkyl or aryl is used, it is in¬ 
tended to cover the non-metallic compounds such 
as those of phosphorus and other non-metals, 
65 which form analogous compounds of similar 
properties by parallel processes. 

As exemplifying one method of applying this 
invention, the following is given. Gasoline is 
given a slight treatment with halogenation agents 
70 in order to halogenate a portion thereof to intro¬ 
duce. say 10% of halogen. The halogens used 
are preferably chlorine or bromine, and the usual 
processes of carrying out such halogenation arc 
used. The presence of water is desirably avoided 
75 by using dry materials. The process ia preferably 


carried out so that mainly monohalogen deriva¬ 
tives are formed. It is unnecessary to halogenate 
but a small portion of the gasoline since the re¬ 
mainder will act as a solvent for the halc^en 
derivatives formed both in this step and in subse- 5 
quent operations. However, as explained above, 
the gasoline or analogous material may be rather 
completely halogenated to the mono derivatives 
and either then diluted, or first converted into 
the metallo derivatives and subsequently diluted. 10 
In the latter event a concentrate of the metallo 
derivatives will be obtained, or the metallo de¬ 
rivatives obtained without any diluting sub¬ 
stances present. 

As stated the halogenation should be earned ^5 
out to give a maximum of mono halogen dertva- 
tives and a minimum of higher derivatives. 
Where the latter are present in undesirable 
amount, they may be first separated before pro¬ 
ceeding to the formation of the metallo deriva- 20 
tives, as by distillation. Among the halogenation 
processes available and well known in the art for 
producing the halogenation of the gasoline or re¬ 
lated material in accordance with the present 
disclosure, reference may be made to the U. S. ^ 
patents to Brooks, 1,191,916; Blanc. 1,248,065; 
and Sparre. 1,379,367, which patents disclose 
methods that may be employed for halogenatlng 
gasoline. The procedures of these patents or 
other patents well known in the art. and well 
known methods of the art for producing halo¬ 
genated products and particularly from gasoline 
and related material may be employed. 

Instead of proceeding in this way, the desired 
amount of a halogen derivative may introduced 
into the gasoline. For example, ethyl chloride, 
methyl chloride, propyl bromide, etc, may be 
added to the gasoline or analogous material in the 
desired proportion to jdeld the requisite amount 
of metallo derivatives in subsequent operations. 40 

It should be noted that in the final fuels con¬ 
taining such metallo derivatives, they need be 
present in but small amovmt only, for example 
less than one percent, and even less than one- 
quarter of one percent. Consequently whether 45 
the halogen derivatives are formed in the gasoline 
or analogous material directly by halogenation 
processes, or whether desired halogen compounds 
are added thereto, they need be present in but 
small quantities if desired, for example in such 50 
quantities as will yield the requisite proportions 
of metallo compounds by further reaction desired 
in the final fuel. But it is found to be preferable 
to produce the halogen content above that finally 
desired, convert such halogen content into the 55 
metallo derivatives, either partially or completely, 
and having thus produced a concentrated metallo 
content in the fuel composition, dilute this when 
desired to the final composition sought. 

Further, as indicated above, it is well to choose 60 
gasolines or analogous material that contain a 
substantial proportion of the lower paraffins, or 
to enrich the gasolines with such lower paraffins 
or their derivatives, in order to form a preponder¬ 
ant amount of the lower metallo alkyls. This Is 
well taken care of in view of the fact that in most 
of the reactions used for forming the metallo de¬ 
rivatives. the lower paraffins react much more 
readily than do the higher ones, so that it is pos- -q 
sible to control the reaction and produce more of 
the lower metal alkyls, than of the higher ones. 
Instead of enriching a gasoline with lower par- 
afiBns, it may be enriched with aromatics such as 
benzene, toluene, xylene, etc. when these are not 75 
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present, and if they are desired, in order to form 
the metal aryls in the fuel. 

Having thus produced a halogen derivative con¬ 
tent in the gasoline or analogous material of 
5 desired amount, the solution preferably without 
water present, is subjected to any well known 
process for converting the halogen derivatives 
into metal compounds, such conversion taking 
place directly in the fuel itself, any excess of the 
10 latter not halogenated forming a solvent. When 
desired, some additional fuel may be added as 
solvent, or extraneous solvents may be added both 
for their solvent purposes and also for action as 
catalysts. 

15 Two methods particularly may be used at this 
point for a conversion of the halogen derivatives 
into metal compounds. The halogen compounds 
may be converted Into their corresponding magne¬ 
sium compounds (Grignard reagents) and then 
20 reacted with heavy metals, their alloys, or com¬ 
pounds such as salts, in order to form the metal 
derivatives; or the halogen derivatives may be 
treated with metallic substances, their alloys, or 
compounds to form the desired metal derivatives 
25 in the fuel. These reactions are preferably car¬ 
ried out in the presence of catalysts and some¬ 
times In the presence of reducing agents in 
order to eliminate certain side reactions or by¬ 
products. and desirably the presence of water in 
50 substantial amount is avoided. Several examples 
will be given, it being understood that these are 
merely for purposes of illustration, and are not 
limiting in any way. since the invention is capable 
of application in a wide variety of ways. 

55 The halogen derivatives contained in the fuel 
substance is subjected to the action of magnesium 
desirably in the form of wire or band. Such mag¬ 
nesium may be either immersed in the fuel mix¬ 
ture, or the latter may be circulated through a 
40 bed of magnesium until the halogen content of 
the fuel substance has been converted into the 
magnesium compound in accordance with the fol¬ 
lowing equation: 

RCl-l-Mg=RMgCl 
45 RBr+Mg=RMgBr 

where R stands for either an alkyl or an aryl 
radicle. In carrying out the conversion of the 
halogenated material into the metal Grignard 
50 reagent, it is not necessary to convert all of the 
halogen compounds into magnesium compounds, 
but any desired proportion of the halogen deriv¬ 
atives may be allowed to remain therein within 
the limits sought, since in the special fuels con- 
55 talning such compoimds as lead tetraethyl it is 
desirable to have present halides, such as the 
chlorides and bromides, in the final fuel as it is 
consumed in the internal combustion engine for 
example in order to prevent the deposition of 
50 lead in the engine. Consequently the process can 
be so carried out that considerable quantities as 
desired of the halides remain in the fuel. Or 
when making metallo organic concentrates as de¬ 
scribed above, a considerable portion or all of 
^ the fuel remaining unconverted into the metal 
derivatives, may be in the form of halides which 
can then be diluted with more fuel to obtain the 
final product ready for use. 

Among the methods which may be employed 
for producing the desired metallo organic deri¬ 
vatives, specific reference may be made to the 
process abstracted and referred to in Chemical 
Abstract, vbL V, at page 2639, and particulaziy 
the method therein disclosed for producing these 


metallo organic combination^ in the presence of 
such organic material as ligrj>ln. benzene, etc. 

The Grignard type of regents having been 
prepared as set foith above, ^t Is then treated to 
form the desired metallo compound by reaction 5 
with desired heavy metal dir non-metal com¬ 
pounds. For example, in !the preparation of 
lead tetraethyl the alkyl 9 r aryl magnesium 
halides contained in the fuel ^xture, may be re¬ 
acted with a lead salt such as ^e chloride to form 10 
the corresponding lead comboimds. One equa¬ 
tion illustrating the reactions that take place in 
such processes is the foUow^g: 

PbCb+ 4 C 2 H 5 MgBr= : 

PbCCaHs) 4 +MgBra+ 2 MgBrCl+Mg 

I 

Or again the following will lUikstrate the reaction: 

2PbCl2-l-4CaH5MgBr= 

Pb+Pb(C2H5j4+2MgCl f2MgBr2 go 

These equations are merely' given to illustrate 
several reactions that may t^e place and being 
theoretical only are not Intended to be limiting. 
Other metals yield correspoijiding compounds as 
well of the alkyls as of the anrls. 25 

In view of the fact that the lower paraffins 
more readily form the metal alkyls, the reaction 
can be controlled so that more of the lower metal 
alkyls are present than are the higher alkyls; 
and a similar control can be exercised in the halo- 30 
genation reactions to limit ^ halogen deriva¬ 
tives formed largely if not entirely to the lower 
paraffins; or similarly this result may be reached 
by the addition of h^des to the desired gasoline 
or fuel, using the lower alkyl halides only. 35 

Other metal salts or com^unds may be used 
to obtain similar reactions land the production 
of corresponding metal organic derivatives in 
the fuels. And analogous resactions may be pro¬ 
duced with non-metal comiMunds. As pointed 
out above, catalysts are desiijably used in most of 
these reactions, and as such the catalysts may be 
added compounds, particularly those that have a 
value in the final fuel cooiiposltion. or merely 
solvents such as ether which mso exert a catalytic „ 
influence. When as frequently happens, some of 
the bsrroducts are insoluble in the fuel, they may 
merely be filtered out. But if desired, they may 
be washed out with water or other washing solu- 
tlons. 

Instead of making the m^ignesium derivatives 
from the halides, the later may be used directly 
without forming the magn^um derivatives in 
the presence of magnesium, ^ther or other appro¬ 
priate solvents and catalystk The intermediate 
step of forming the magnesium is thus elimi- 
nated. Further in place of using magnesium, 
zinc may be used to fonxj Intermediate com¬ 
pounds which may be used in an analogous man- 
ner. { ^ 

And still further, the methods of reacting the 
halides with lead, lead alloys, or lead compounds 
may also be used without forming magnesium or 
corresponding derivatives at all. For example, 
the fuels containing the haudes may be treated 
with lead or lead alloy (sodjum alloy containing 
from about 6 to 20 percent of sodium) in the 
presence of reducing agents and catalysts. In 
these reactions the tempex^tures are generally 
maintained between 20 anq 36° c. nnWc pres- 
sure Is employed in which case the higher tem¬ 
peratures may be used. w|hen not using pres¬ 
sure. the upper limit of teinperature is largely 
controlled by the boiling p^ts of the fuel in¬ 
gredients. And the reaction products are often 75 
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^ washed with strong alkali to improve the yields oretlcal molectilarly equivalent proportions in Bo¬ 
ot the desired metal alkyls. When lead or other cordance with the equations for the reactions as 

metals, or their alloys are used, these are pref- Illustrated hereinabove, or an excess of any of the 

erably used in a more or less finely divided con- stated ingredients as compared with the mate- 

5 dltion to increase the surface contact. The re- rial with which it reacts may be employed. Thus * 

ductlon reaction may be effected due to the reac- when the halogenated gasoline is reacted with the 

tion of the sodium in the alloy for example, with magnesium, the materials may be present in 

a small amount of water added to the materials equivalent molecular amounts, but preferably the 

undergoing treatment. But reduction may be halogen derivative is used in excess. So too, when 

10 carried out in any other desirable way. the Grignard reagent is formed, the material with 

Depending to a large extent on the amount of which it is reacted is desirably used in slight 
halides present undergoing reaction in such com- excess. 

positions, the temperature control will vary. If Ordinarily as a result of this process, a corn- 
large quantities of the halides are present, the plex mixture of organic derivatives of a stated 
15 temperature may rise so that cooling is necessary metal, or metalloid is obtained, the derivatives, 
to keep it within the prescribed limits. But where however, usually containing a number of closely 
the amount of halides is small in comparison with related derivatives. Thus in a given instance, in 
the solvent or fuel elements present, heating making lead tetraethyl, there will also be present 
may be required to a limited extent to raise the lead derivatives of other alkyls. And usually there 
20 temperature. Is no necessity for isolating individual com- 

In any reactions where the halides or the mag- pounds, since these complex mixtures of such de- 
nesium or similar Grignard reagents are used, rivatives are desirably present in motor fuels for 
and contacted with metals, their alloys or salts example, since they modify the action of each 
or other compounds, instead of adding the metals other having solvent action on each other, and 
25 etc. to the fuel containing the halides, the fuel, hydrocarbons and their derivatives to yield ho- 
etc. may be circulated through a chamber con- mogeneity. smoother explosion curves, etc. 
taining the metals, alloys or etc. until the desired The metallo derivatives may be recovered as 
degree of reaction has been obtained. such by evaporation of hydrocarbons etc. from 

While a number of metal derivatives may thus the reaction mixtures, or in any other desired 
30 be introduced into the fuel by being made directly way; or they may be diluted as with fuel ingredi- 
therein, if desired after the production of one cnts for direct use. 

metallo organic compound, it may be converted While lead tetraethyl has been specifically re- 
either partially or wholly into other metallo com- ferred to. antiknock metallo organo derivatives 
pounds. And furthermore, if desired, instead of other than (and when desired to the excliision of) 

86 converting the Grignard intermediates produced lead tetraethyl, may be produced. 

as set forth above, or added to the fuel—for Having thus set forth my invention, I claim: 

example, the Grignard reagents might be pre- i. The method of making metallo organo de- 

pared in the usual manner and then added to the rivatives which comprises treating gasoline to 
gasoline or other fuel—the latter may be con- produce halogenated aliphatics therein convert- 
^ verted into other derivatives than the metallo ible into metallo organo derivatives, and reacting 40 
derivatives. The Grignards are well known as such halogenated aliphatics xmder conditions to 
excellent intermediates for the synthesis of a produce metallo organo derivatives with a metallic 
number of organic compounds. So that they may component to produce metallo organo derivatives 
be used as set forth herein to form a large num- the metallic component containing a metal of the 
^ ber of organic compounds that have value in anti-knock type, whereby the metallo organo de- 45 
fuels. For example, by appropriate treatments rivatives possess anti-knock properties, 
they may be converted into alcohols, phenols, 2. The method of making metallo organo de- 
aldehydes. ketones, etc., and these reactions may rivatives which comprises treating a hydrocarbon 
be utilized so that a portion of the Grignard oil with chlorine to form chlorides dissolved in the 
50 converted into the metallo derlva- hydrocarbon oil, reacting such chlorides with 50 

tives and a portion into other organic compounds, magnesium to form Grignard bodies within 
And further, many of the products may be the hydrocarbon oil, and then treating said Grig- 
made in the fuel from the halides by taking crude nard bodies with a lead salt to form lead deriva- 
hydrocarbon materials that must be subjected to tives of the hydrocarbons, 
gij distillation or other treatment, or treatments, in 3. A product containing a complex mixture of 55 
order to obtain motor fuels from them, by adding metallo organo derivatives the organic radicals of 
the requisite materials to them to form the me- which correspond with the organic radicals of a 
tallo compounds, or converting a portion of such group of hydrocarbons of a hydrocarbon oil. 
crude materials into compounds that will form 4. A product containing a complex mlxt'ire of 
QQ metallo derivatives, and then carrying out the organic lead derivatives the organic radicals of 
distillation or other treatment, so that a gasoline which correspond with the organic radicals of 
or analogous material or fuel is obtained con- a group of hydrocarbons of a gasoline, 
taining the metallo organic compoimds that have 5. A process of making anti-knock compounds 
been formed during the distillation or other treat- which comprises halogenating petroleum hydro- 
65 ment, which may or may not have been carried carbons, and reacting such halogenated petro- 65 
out under pressure. leum hydrocarbons with metallic reactants imder 

Whenever desired, any material to be treated conditions to form a mixture of anti-knock com- 
in accordance with the hereinabove set forth dis- pounds of the metallo organic t 3 rpe, the metallic 
closure, may be dried if desired or necessary in reactants containing a metal of the anti-knock 
70 order to remove any excess moisture ^hat might tsrpe, whereby the metallo organo derivatives pos- 
be present and might interfere with the progress sess anti-knock properties. 

of the particular reactions sought in the produc- 6. A process of making anti-knock compoimds 
tion of specific compounds. which comprises metallizing a complex mixture of 

In carrying out the processes set forth herein, petroleum hydrocarbons containing halogen de- 
75 the reacting ingredients may be used in their the- rivatives by reacting said mixture with metallic 
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components to form metal containing anti-knock 
compounds from constituents of said mixture. 

7. The method of making metallo organo de¬ 
rivatives which comprises treating a hydrocarbon 
oil with a halogen to form halides dissolved in the 
hydrocarbon oil, reacting such halides with mag¬ 
nesium to form Grignard bodies within the hy¬ 
drocarbon oil. and then treating said Grignard 
bodies with a heavy metal compoimd to form 
heavy metal derivatives of the hydrocarbon the 
heavy metal compound containing a metal of the 
anti-knock type whereby the heavy metal deriva¬ 
tives of the hydrocarbon yield anti-knock prop¬ 
erties. 

8. The method of making metallo organo de¬ 
rivatives which comprises treating a hydrocarbon 
oil with chlorine to form chlorides dissolved in 
the hydrocarbon oil. and reacting such chlorides 
with lead alkali metal alloy to form lead deriva¬ 
tives of the hydrocarbons. 

9. The process of preparing gasoline contain- 


6 

Ing lead compoimds which| cominises reacting 
chlorine with gasoline to form chlorinated hydro¬ 
carbons therein, and treati^ the gasoline con¬ 
taining the chlorinated hydrocarbons with lead 
soditim alloy to convert the cmorinated hydrocar- 6 
bons to hydrocarbon compoujnds of lead. 

10. The process of preparing gasoline contain¬ 
ing lead compounds wUch comprises reacting 
chlorine with gasoline containing dissolved, nor¬ 
mally gaseous, hydrocarbonsj to form chlorinated lo 
hydrocarbons therein, and treating the gasoline 
containing the chlorinated! hydrocarbons with 
lead sodium alloy to convert the chlorinated hy¬ 
drocarbons to hydrocarbon (mmpoimds of lead. 

11. The process of preparing cracked gasoline 15 

containing lead compounds Which comprises chlo¬ 
rinating the gasoline with clWorine, to form chlo¬ 
rinated hydrocarbons, and treating the chlori¬ 
nated hydrocarbons with lejad sodium alloy to 
form hydrocarbon compoimdls of lead. 20 
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In the United States Court of Appeals 
for the District of Columbia 


APPEAL NO. 8408 i 

Ethyl Gasoline Corporation, .appellant 

V, 

Conway P. Coe and/or His Successor in Oitice, 
Commissioner of Patents, appellee 


APPEAL FROM THE JUDGMENT OF THE DISTRICT COURT OF THE 
UNITED STATES FOR THE DISTRICT OF COLUMBIA 


BRIEF FOR THE COMMISSIONER OF PATENTS 

This is an appeal from the Judgment (11)" of the 
District Court of the United States for the District 
of Columbia dismissing the Complaint (1) brought 
by appellant, the assignee of the patent application 
of Earl Bartholomew, No. 99,497 (86), to obtain the 
issuance of a patent on said application. 


STATEMENT 


I 

The application (86) relates to a fuel for internal 
combustion engines, which consists of gasoline to 

^ The numbers in parentheses throughout this brief re fer to 
pages of appellant’s appendix. 
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which have been added some or all of the following 
lead alkyl compounds, 

lead tetra-methyl Pb(CH3)4, 
lead tri-methyl ethyl Pb(CH3)3C=H5, 
lead di-methyl di-ethyl Pb(CH3)2(C2H8)2, 
lead methyl tri-ethyl PbCH3( € 2115 ) 3 , and 
lead tetra-ethyl Pb (€ 2115 ) 4 . 

These alkyl compounds are added for the purpose 
of preventing,' or at least decreasing, the knocking 
of the engine. 

The specification of the Bartholomew application 
is a technical treatise on the subject of knocking in 
internal combustion engines and on the causes of dif¬ 
ferent knocking tendencies of different cylinders of 
the same engine. It is pointed out in the application 
(92) that where ordinary gasoline is used, some of 
the heavier constituents, i. e., the heavy ends, are not 
vaporized completely before they reach the engine 
cylinders. €ylinder € (109, Fig. 2), which is near¬ 
est the carburetor, receives some of this unvaporized 
fuel and the mext cylinder B receives a smaller 
amount of the same, while the most distant cylinder 
A receives only vaporized fuel. The unvaporized 
fuel in cylinders B and € is vaporized however by 
the heat developed in these cylinders. The result is 
that the ratio of fuel to air in cylinders B and € is 
greater than in cylinder A. The lean mixture in 
cylinder A causes the knocking tendency in th is 
cylinder to be greater than in cylinders B and €. 
This inequality of distribution of fuel to the various 
cylinders does not occur when the engine is running 
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at high speed, or when the manifold is heated | suf¬ 
ficiently to vaporize all the fuel, or during hot 
weather. 

The lead alkyls listed above, while generally similar, 
differ somewhat in volatility and in antiknock (‘ffec- 
tiveness, and Bartholomew concluded (100-101) | that 
the antiknock mixture should contain the follo-v^ng: 
[1] a substantial quantity of lead methyl tri-^thyl 
PbCh3(C2H5)3, because it has a high antiknock Effec¬ 
tiveness over a wide range of engine speeds and has a 
comparatively low boiling point; [2] a substantial 
quantity of lead tri-methyl ethyl Pb(CH3)3C=H5, be¬ 
cause it has a low boiling point and relatively high 
effectiveness under conditions of poor distribution, as 
in starting; and [3] a substantial or predommant 
quantity of lead di-methyl di-ethyl Pb(CH3)2(C2!El3)2, 
because of its relatively low boiling point and its high 
and imiform antiknock effectiveness over a Wide 
range of engine needs. The preferred mixture ^ven 
in the specification is 25% lead tri-methyl-ethyl, 45% 
lead di-methyl di-ethyl, and 30% lead methyl tri-ethyl. 
In cases where lead tetra-ethvl and lead tetra-methyl 
are used the proportions are given (101-102) as lead 
tetra-methyl 4%, lead tri-methyl ethyl 23%, lead di¬ 
methyl di-ethyl 40%, lead methyl tri-ethyl 27%, and 
lead tetra-ethyl 6%. 

THE APPEALED CLAIMS 

The appeeded claims (3-5) are claims 1 to 12, inclu¬ 
sive, 15 and 16.. 
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Claims 1, 2, 3, and 4 are for a method of operating 
an internal combustion engine. Claim 1 reads as fol¬ 
lows: 

1. The method of operating an internal com¬ 
bustion engine which comprises forming a com¬ 
bustible mixture of a motor fuel and air, 
compressing the mixture to a compression pres¬ 
sure greater than the critical compression 
pressure of the motor fuel and burning the 
mixture together with a primary antiknock 
agent comprising a mixture of lead tri-methyl- 
ethyl, lead di-methyl di-ethyl, and lead tri¬ 
ethyl-methyl. 

Claims 5 to 12, inclusive, ai-e for an antiknock 
motor fuel. Claim 5 reads as follows: 

5. A product comprising a motor fuel and 
an antiknock material having as its primary 
antiknock component a mixture of lead tri¬ 
methyl-ethyl, lead di-methyl di-ethyl, and lead 
tri-ethyl-methyl. 

Claims 15 and 16 are for mixtures of lead alkyls for 
use as an antiknock composition. Claim 15 reads as 
follows: 

15. A fuel antiknock composition comprising 
a mixture of lead tri-methyl-ethyl, lead di¬ 
methyl di-ethyl, and lead tri-ethyl-methyl and 
lead tetra-methyl in a concentration not exceed¬ 
ing fifteen percent. 

During the prosecution of the application the ex¬ 
aminer, acting under the provisions of Rule 96 of the 
Rules of Practice of the Patent Office, suggested to 
Bartholomew a claim for the purpose of interference 




with other parties and advised Bartholomew th^t if 
he did not present the claim by a given date, his 
failure would be considered a disclaimer of the sub¬ 
ject matter involved. The suggested claim rea(jls as 
follows: j 

Liquid fuel for internal combustion engines 
of the otto cycle multicylinder type compi^ising 
a mixture of hydrocarbons of such varying 
volatility and forming such varying aif-fuel 
ratios as to cause material variation in knock¬ 
ing tendency of the several cylinders in o|)era- 
tion and containing a small quantity of a j mix¬ 
ture of volatile lead alkyls consisting of tetra¬ 
ethyl lead, tri-ethyl-methyl lead, di-ethyi di¬ 
methyl lead, ethyl tri-methyl lead, and ijetra- 
methyl lead, whereby variation in separate 
cylinder knocking tendency is eliminated an^l the 
antiknock value of the fuel is raised. i 

Bartholomew refused to make the suggested claim 
(Appellant’s Brief 6). It was denied on his behalf 
that the final clause of the claim names a direction 
or a result which the present application endeavoi*s 
to attain” (120). 

The appealed claims were held by the examiner 
(128) and by the Board of Appeals (131) not to dis¬ 
tinguish patentably from the suggested claim, and 
were rejected on the ground of disclaimer in vi^w of 
Bartholomew’s refusal to make the suggested cjlaim. 

This ground of rejection was sustained by the (ower 
court (10, 11, findings 13 and 19) and the lower pourt 
additionally found claims 1, 2, 3, and 4 which recite a 
method of operating an engine, unpatentable on the 
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ground that the method of operation of the engine is 
no different from the operation with previously used 
antiknock material (10, finding 8). 

SUMMARY OF ARGUMENT 

I. The method recited in claims 1, 2, 3, and 4 of 
operating the engine, is not essentially different from 
the mode of operation of the usual antiknock fuels. 
The use of the antiknock fuel mav make the engine 
operate more smoothly, but the method of operation 
is the same. 

II. By refusing to make the claim suggested by the 
examiner for interference with other parties, Bartholo¬ 
mew disclaimed the fuel recited in the suggested claim. 
The refusal of Bartholomew to make the suggested 
claim, on the ground that the last clause of the claim 
is not applicable to his disclosure, was not justified. 
Said clause merely states the result sought or hoped 
for. It seems clear from Bartholomew's application 
that he was seeking the same result, namely, to elim¬ 
inate, or at least reduce, the difference in knocking 
in the cylinder^ of the engine. The claims on appeal 
recite the same constituents of the antiknock mate¬ 
rial as these recited in the suggested claim. The pro¬ 
portions of the various constituents, more or less in¬ 
definitely stated in the appealed claims, do not pat- 
entably distinguish the appealed claims from the sug¬ 
gested claim, because the proportions actually used 
will depend on various factors, such as engine design, 
climatic conditions and season of the year, and the 
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proportions may be determined by routine experi- 

I 

mentation. 

ARGUMENT 

The method claims do not recite a new methodj 

The method claims 1, 2, 3, and 4 (3, 4), aside from 
specifying the particular fuel, recite only the normal 
and usual operation of an internal combustion engine. 
While it is true that the addition of the specified lead 
alkyls to the gasoline improves the operation of the 
engine by making it run more smoothly and efficiently, 
the operation even in this respect is by the same 
method as when previously knovii tetra-ethyl lead is 
used as an antiknock addition to gasoline (Appi^llant's 
Brief, 3). 

While it may be true, as stated by Appellant (Br. 
17), that the Patent Office has issued patents with 
claims to a method of engine operation involving the 
use of antiknock material in the gasoline, th^t fact 
would not seem to justify the allowance of the method 
claims on appeal where the improved operation fol¬ 
lows from a selection and proportioning of known 
anti-knock materials. 

The examiner and the Board of Appeals, it is true, 
did not reject claims 1, 2, 3, and 4 on the ground of 
unpatentability, but an action imder section 4915 
R. S. is a novo proceeding in which the Court is 
not confined to a consideration of the grounds of re¬ 
jection stated in the record of the prosecution in the 
Patent Office. American Steel and Wire Co. v. Coe, 
70 App. D. C. 138; 105 F. (2d) 17. 

r.OS2.'1—43-2 
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The prior patents 

The following prior patents (IGl-lTG) were cited 
bv the examiner: 

Sullivan et al., 1,938,547, Dec. 5,1933. 

Voorhees, 1,974,167, Sept. 18,1934. 

Shappirio, 2,012,356, Aug. 27,1935. 

^lidgley, 1,573,846, Feb. 23,1926. 

These patents need not be discussed in detail since 
plaintiff’s witness admitted that all of them disclose 
the use of lead alkyls in gasoline to minimize knock¬ 
ing (85). 

The disclaimer by Bartholomew 

During the prosecution of the application the exam¬ 
iner, proceeding in accordance with Rule 96 of the 
Rules of Practice, suggested to Bartholomew the claim 
quoted above, for the purpose of interference. Bar¬ 
tholomew deliberately omitted to present this claim 
and thereby disclaimed the subject matter thereof, 
as provided in Rule"^ 

This rule reads in part as follows: 

96. Whenever the claims of two or more ap¬ 
plications differ in phraseology, but relate to 
substantially the same patentable subject mat¬ 
ter, the examiner shall suggest to the parties 
such claims as are necessary to cover the com¬ 
mon invention in substantially the same lan¬ 
guage. The examiner shall send copies of the 
latter suggesting claims to the appellant and 
to the assignee, as well as to the attorney or 
agent of record in each case: The parties to 
whom the claims are suggested will be required 
to make those claims within a specified time 
in order that an interference may be declared. 
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Upon the failure of any applicant to make | 
any claim suggested within the time specified, 
such failure or refusal shall be taken without 
further action as a disclaimer of the invention 
covered by that claim unless the time be ex-| 
tended upon a proper showing. After judg¬ 
ment of priority the application of any party 
mav be held for revision and restriction, sub- 

*' I 

ject to interference with other applications. | 

I 

The reason given by counsel for appellant (120) 
for not presenting the suggested claim was that Bar¬ 
tholomew’s application will not support the following 
final clause of the claims: 


whereby variation in separate cylinder knock¬ 
ing tendency is eliminated and the antiknock 
value of the fuel is raised. 

It may be true that Bartholomew did not expect 
to eliminate entirely the inequality in the kno<*kin" 
of the various cylinders, but a consideration of his 
application shows that he at least reduced the inj 
equality. In the application (92 et seq.) he pointect 
out in detail the reasons why the tendency of cylinl 
dei-s A to knock is greater than that of cylinders !l^ 
and C. It seems strange that after Bartholomevy 
had pointed out this undesirable condition in knocks 
ing, appellant should contend that Bartholomew’^ 
object was not to remedy the condition but to makh 
the inequality of knocking greater. Yet such con|- 
tention is made (Br. 9). This contention does no[t 
seem justified from a consideration of the applics^- 
tion, particularly Fig. 3 of the drawings (110). ^ 
copy of this sheet of the drawings is reproduced heri- 
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with, with additional markings for convenience of 
discussion. 

It will be obvious from a consideration of curves A'. 
B', and C', of Fig. 3, that the knocking tendencies of 
cylinders A, B, and C are different even Tvith the lead 
alkyls in the gasoline, although they approach equality 
at the point E as the percentage of fuel leaving “he 
manifold in a vapor state approaches 100. It will also 
be evident from Fig. 3 that if the engine compression 
is about 6.1, and if the gasoline containing lead alkyls 
is used, all knocking will be eliminated since all points 
of the curves A', B', and C' are above the level of 6.1 
compression, whereas if ordinary gasoline, 80% vapor¬ 
ized, is used all of the cylinders would knock, because 
all of the curves A, B, and C are below 6.1 at 8(^% 
vaporization (80). 

If, as admitted by appellant's witness (80), i:he 
knocking tendency in all cylinders is eliminated mider 
the conditions stated above, it follows that the differ¬ 
ence between the knocking tendencies is eliminaied 
and the suggested claim is satisfied under the stai ed 
conditions. 

Moreover, it is evident from curves A', B', and C' that 
the knocking tendencies of the cylinders tend to be¬ 
come equal as the vaporization jDercentage approaches 
100 because the curves approach each other as they 
approach this point E. Therefore, the variation in 
separate cylinder knocking tendency approaches elim¬ 
ination as the vaporization percentage approaches IpO. 

The difference between the knocking tendencv of 

o t I 

cylinders A and C for any given percentage of vapc^ri- 
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zation of the fuel is measured by the vertical distance 
between the corres])onding curves at the particular 
point as Bartholomew admitted (80). For example, 
the distance X measures the difference in knocking 
tendency of cylinders A and C using ordinary gasoline 
which is about 78% vaporized, and the distance Xi 
measures the difference in knocking tendencv of the 
same cylinders using gasoline with alkyls added, vapor¬ 
ized to the same extent. The distances X and Xi 
therefore afford a comparison of the differences in 
knocking tendency of the cylinders before and after 
the lead alkyls are added to the gasoline. The dis¬ 
tances Y and Yi afford a similar comparison where the 
percentage of vaporization is about 86%. Since the 
curves A' and C' are closer together than the curves 
A and C for all percentages of vaporization, it follows 
that the difference in knocking tendency of the cyl¬ 
inders A and C is decreased, not increased as appel¬ 
lant contends, by the addition of lead alkyls to the 
gasoline. 

It follows that if the functional clause had read 
‘thereby variation in separate cylinder knocking 
tendency is ' reduced/' Bartholomew’s application 
clearly would have supported the claim. Thus it 
would seem that the only excuse for not presenting the 
claim was that Bartholomew or his coimsel w^as too 
modest to claim perfection for the antiknock fuel. 
However, in rtew of the fact that the examiner’s sug¬ 
gestion of the claim was notice that others had appli¬ 
cations in the Patent Office aimed at the same goal, 
and in view’ of the fact that Rule 109 of the Patent 
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Office allows amendment to the claim after the inter-! 
ference proceeding is instituted, it is submitted that 
Bartholomew was not justified in refraining from mak¬ 
ing the claim, and thus avoiding a contest on the ques¬ 
tion of priority of invention. 

Bartholomew’ admitted in his testimony (81, 82j 
that Fig. 3 would indicate that addition of lead alkyli 
to gasoline w’ould decrease the difference in knocking 
tendency of the various cylinders, but stated in effect 
that Fig 3 does not accurately represent what actual!^ 
happens in practice because in actual practice it is nqt 
possible to get equal distribution of the lead alkyljs 
in the various cylinders. If this is the case it is di£^- 
cult to see w’hy Fig. 3 was included in the application 
and the conditions represented therein were so tho])’- 
oughly discussed. It is submitted that contrary to tlje 
statement of the witness, it may be assumed that Fig. 
3 and the corresponding portions of the specification 
were intended to set forth the principle of the inven¬ 
tion. The testimony of Bartholomew (67), that lly 
the addition of lead alkyls to the gasoline the variation 
in separate cylinder knocking tendency is increasek, 
was not apparently based on the results of actual 
tests but only on a priori reasoning from the alleg(^d 
fact that in actual practice the various cylinders would 
not receive equal amounts of the lead alkyls. 

There is another reason w’hv Bartholomew should 
have presented the suggested claim notwithstandijig 
his reluctance to subscribe to the final clause thereof. 
The final clause is merely a statement of the result ior 
hoped-for result of the use of the antiknock materi^s 
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specified in the claim. The materials specified in the 
claim are the same as those claimed by Bartholomew. 
What the effect of the fuel is when used in an engine 
may be open to argument, but the fuel defined in the 
suggested claim is the same fuel as Bartholomew is 
claiming. His disagreement with the final clause of 
the claim did not justify his refusal to make the claim. 
The final clause is not an element of the fuel but 
merely a statement of the desired result. As already 
pointed out Bartholomew would have had an oppor¬ 
tunity under Rule 109 to move to amend the claim 
to cure any defect of form, and to move to add any 
other claim which to plaintiff seemed proper, after 
having access to the applications of the other inter¬ 
fering parties. 

Appellant cites authorities (Br. 14, 15) in support 
of the familiar rule that in interference proceedings 
all limitations appearing in the claims will be regarded 
as material to the invention covered bv the claims. 
But it is submitted that the rule does not apply to 
the clause “whereby variation in separate cylinder 
knocking tendency is eliminated’’ in the suggested 
claim because the clause is not an element of the fuel, 
nor is it a limitation on the constituents or proportions 
thereof. It is only a statement of purpose or result 
hoped for. 

As pointed I out above, Bartholomew in his applica¬ 
tion set forth and explained in detail the existing un¬ 
desirable difference in the knocking tendencies of the 
different cylinders. He added lead alkyls to remedv 
the condition as far as possible. Appellant states 
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(Br. 17) that the use of the mixtures defined in claiihs 
1 to 4 changes an engine which knocks into one which 
does not knock. If this be true, it follows that t|ie 
difference in knocking tendency of the various cylin¬ 
ders must have been eliminated. Bartholomew ther e¬ 
fore had the same goal as that expressed in the quot'jd 
clause of the claim and he should have made the claim. 

It is submitted that by failing to present the sug¬ 
gested claim Bartholomew disclaimed (Rule 96) hy¬ 
drocarbon motor fuels containing a mixture of tetra¬ 
ethyl lead, tri-ethyl methyl lead, di-ethyl di-metl^yl 
lead, ethyl tri-methyl lead and tetra-methyl lead. 

It is well settled that where an a])plicant has dis¬ 
claimed certain subject matter by failing to present a 
claim thereto which was suggested for purpose of in¬ 
terference, that subject matter is properly consider(&d 
as prior art with respect to the applicant. In Yc 
Jardine and Cooper, 62 F. (2d) 1074, 20 C. 0. P. A. 
895. See also In re Williams and McCahe, 62 F. (2d) 
86, 20 C. C. P. A. 738, and Bergstein et al. v. Coe, 30 
Fed. Supp. 522. 

Considering the subject matter of the suggested 
claim as prior art in connection with the prior patents 
to Sullivan, Voorhees, Chappirio, and Midgiey, lit 
seems clear that claims i, 2, 3, 5, and 6 of Bartholo- 
mew’^s application, which claims say nothing as to tlie 
proportions of the ingredients, are clearly unpatent¬ 
able to him. 

The remaining claims 4, 7, 8, 9, 10, 11, 12, 15, and 
16 contain certain more or less indefinite statements 
as to the proportions of the ingredients, but it is sub- 







16 


mitted that these claims define nothing amounting to 
an invention' over the suggested claim considered 
with the prior art. These claims do not set forth 
the proportions disclosed in the application (101, 
102). Moreover the pi-oportions disclosed are not 
critical for, as stated in the application (102): 

The proportions of the methyl-ethyl lead 
alkyls, and of the tetra-methyl and tetra-ethyl 
compomids if the latter are used, may be va¬ 
ried t(^ meet dijfferent ranges of climatic con¬ 
ditions; operating conditions and engine design. 

Obviously tlie proportions of ingredients suitable to 
meet the various operating and climatic conditions 
and various engine designs may be determined by 
routine experimentation without invention. As was 
said by the United States Court of Appeals for the 
District of Columbia in Dean Mttrpliy et cH. v. Coe, 
99 F (2d) 994, 

To experiment with reduced quantities of one 
expensive ingredient may show commendable 
enterprise without showing the kind of talent 
connoted by the term invention. 

CONCLUSION 

It is submitted that Bariholomew’s dissatisfaction 
with the final clause of the claim did not justify his 
refusal to make it; that the fuel claimed by him is 
not patentably different from the fuel defined by the 
suggested claim; that by failing to make the sug¬ 
gested claim he disclaimed the fuel defined therein; 
that the fuel defined in the suggested claim is in ef¬ 
fect prior ari against him; that his claims are clearly 
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unpatentable over the prior art as represented by the 
suggested claim and the prior patents cited; and that 
claims 1, 2, 3, and 4 do not recite a new method of 
operating an engine. 

It is submitted that the Judgment of the lo^P’er 
Court should be sustained. 

W. W. Cochran, 

Solicitor, U. S. Patent Office, 

Attorney for Appellee. 

January 1943. 
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IN THE 


United States Court of Appeal^ 

i 

FOR THE District of Columbia ! 


No. 8408 


ETHYL GASOLINE CORPORATION, Appellant, 

V. 

CONWAY P. COE AND/OR HIS SUCCESSOR IN 
OFFICE, COMMISSIONER OF PATENTS, Appeli<ee. 


REPLY BRIEF FOR APPELLANT. 


Appellee’s brief may be summarized as presenting four 
reasons why lie submits that the judgment of the Lower 
Court should be affirmed. 

(1) Bartholomew should have made the claim suggested 
by the Patent Office Examiner for the reason that Fig. 3 
(App. 110) of the application proves such. 




(2) Even tliougli the suggested claim did not cover Bar¬ 
tholomew's invention he should have entered into the inter¬ 
ference declared by the Patent Office Examiner. 

(3) Failing to make the suggested claim makes that claim 
prior art against Bartholomew as Bartholomew's claims are 
not patentably different from the suggested claim and, in 
fact, Bartholomew’s claims are broad enough to include the 
suggested claim. 

(4) Process claims 1, 2, 3 and 4 do not recite a patentable 
process. 

We submit that all of these reasons suggested by the Ap¬ 
pellee are without merit. We shall treat them seriatim. 

ARGUMENT. 

1. The Appellee, in his brief, devotes pages 9 to 13 inclu¬ 
sive, to an endealvor to show that Fig. 3 (App. 110) of Bar¬ 
tholomew’s application proves that he could and should 
have made the suggested claim. This contention is disproved 
by the specification and drawing themselves. 

The first reference to Fig. 3 is in the following language: 

“Figure 3 is a chart showing, for conditions of imper¬ 
fect fuel distribution, the variation in knocking ten¬ 
dency of these three cylinders of a multi-cylinder engine 
as the carburetor air-fuel ratio and per cent of fuel 
vaporization are varied;”. 

Applicant’s specification states (App. 96): 

“Curves A', B' and C' of Figure 3 show the highest use¬ 
ful compression ratio for cylinders. A, B and C respec¬ 
tively when the fuels of curves A', B' and C' contain 
a lead alkyl * * 

We have shown in our main brief that Bartholomew, in 
making his invention, had to abandon the beaten path and 
discard all known test methods. He found that new factors 
had to he discovered and considered. One of these factors 
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is that fuel-air ratio lias more to do with knocking during 
poor fuel distributions than does the anti-knock value of the 
fuel or the value of the anti-knock present. The specifica¬ 
tion clearly states that Fig. 3 is used to show ouUj the impor¬ 
tance of this fuel-air ratio factor. 

It is clear from the last above cjuofafion that applicant is 
using a lead allcyl to illustrate this point and he nowhere 
states that he is using his mixture in Fig. 3. 

Bartholomew testified (App. SI) that 

“I did not have my compound in the gasoline when 
this particular chart [Fig. 3] was made” 

and again (App. 82) Bartholomew testified, 

(Q) “But this [Fig. 3J does not represent your mix¬ 
ture? 

(A) That is right.” 

See also his additional testimony (App. 68, 69). 

On page 13 of his brief the Appellees ask the Court to go 
“contrary to the statement of the witness” and assume that 
Fig. 3 sets forth the principle of the invention. The wit¬ 
ness's testimony conforms to his specification. The re¬ 
quested assumption is contrary to the specification and the 
testimony. 

The fact is that Fig. 3 is used by Bartholomew to prove 
the exact opposite of what Appellee contends it proves. 
Appellee’s error in this respect rests in his total misconc^ep- 
tion of the purposes for which Fig. 3 was used by Bartholo¬ 
mew (App. 67-69, 81, 82, 85). It follows that the reason 
given by the Appellee as to why Bartholomew should have 
made the suggested claim is utterlv at variance with -vi-hat 

• I 

Fig. 3 establishes. 

Appellee not only incorrectly uses Fig. 3 but states (Br. 
13): 

“The testimony of Bartholomew (67), that by the addi¬ 
tion of lead alkyls to the gasoline the variation in S(}pa- 
rate cylinder knocking tendency is increased, was [not 
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apparently hased on the results of aetnal tests Imt only 
on a priori reasoning' from the alleged fact that in ac¬ 
tual practice the various cylinders would not receive 
equal amounts of the lead alkyls.” 


A])pellee (Br. 2) acce})ts Bartholomew’s testimony that un¬ 
der certain conditions the gasoline is nnoiually distributed 
to the various cylinders and that this produces variation in 
se]);trate cylinder knocking tendency, hut Api^ellee refuses 
to accept his testimony (Ap]i. S.")) that the distribution of 
the lead alkyls follows the same ])attern as the distribution 
of the gasoline. Even in the absence of further testimony, 
it would be utterly unreasonable to suppose that the anti¬ 
knock agent is distributed ditTerently from the fuel which 
eontains it because, as stated by the a]q)lication and in the 
testimony (Aiqb 66). there is no lead alkyl so volatile that at 
all times it would be in the va])or portion of the fuel charge 
and so be equally distril)uted among the cylindei*s. 

^loreover, Bartholomew’s testimony that the use of his 
mixtures increases the variation in separate cylinder knock¬ 
ing tendenev irns based on tlie results of actual tests. Prior 
to the time that Bartholomew made his invention (App. 29): 

“ * * • there was no method known for determining 
what the separate cylinder knocking tendencies were; 
hence, it was necessary to develop means for isolating 
a given cylinder for the ])ur])ose of determining the 
knocking tendency.” 


By testing with his novel test apparatus and novel test meth¬ 
ods, Bartholomew confirmed his conception that (App. 30): 

“The cylinders which had the greatest tendency to 
knock were the lean cylinders, which had received the 
smallest quantity of fuel, and the cylinders having the 
least tendency to knock were the richest cylinders, which 
had received the greatest ([uaiitity of fuel.” 


Those first tests were with no lead in the gasoline (App. 31, 
middle). After those tests, Bartholomew found it necessary 
to learn more than had been known about the lead alkyls 
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(Ap]). 45, bottom). Their behavior under conditions ofjgood 
(lOO/f) disti-i))iitioii vas known to some extent but nothing 
was known about tlieir beliavior under conditions of jpoor 
distribution (Ap]). 45, bottom). Tbe results of thesejtests 
and investigations are partially shown in Phu’. 4 of thejBar- 
tiiolouK'w api)lication (A))]). 110, bottom) and are fully ex- 
plainod in th(‘ testimony (A])]). 44-49) ending with th^ fol¬ 
lowing (App. 49, top): 

“Q. So you now had information as to the behavior 
of the various lead alkyls there dej)icted on that P'ig. 4 
used individually under conditions of good distribption 
and under conditions of ]K)orer distribution and then 
still poorer; is that correct? A. That is correct. 

“Q. The poor or poorer distribution curves would 
re])]-esent what you have heretofore talked about as 
cylinder A? A. That is correct. T might add to that 
that curve D would be indicative of the conditions exist¬ 
ing in cylinder B of our previous diagram, whicn re¬ 
ceived a normal charge.” 

The information and results depicted in P^ig. 4 were 
bv actual tests of the lead alkvls in the laboratorv, 
firme<l by actual car operatlou (App. 48, bottom). 

It is only by shutting his eyes to this testimony thajt the 
Appellee could say that Bartholoinew’s testimony thajt his 
mixtures increase the variation in separate cylinder knock¬ 
ing tendency, was based upon reasoning alone and “not ap- 
]\arently based on the results of actual tests.” j 

2. The record is clear that Bartholomew's inventiejn is 
patentably ditTei’ent from the invention defined in the |sug- 
gested claim. He therefore had no lawful right to mak^ the 
suggested claim. 

It is utter folly to argue that he should have unlawfully 
made the suggested claim so that he could have entered the 
interference proceedings which, incidentally, would thereby 
result in delaying the issuance of his own patent, although 
giving to him the right to ascertain what was contained in 
the application of other parties to the interference.' It 


obtrjined 

andicon- 
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Avoiild, indood, be a straiiire and heretofore unknown pro- 
ceedinjr \vliich would ])erniit applicants for i)atents to make 
MiiTirested claims of a Patent Examiner which did not cover 
his invention or read on his disclosure and thereby a:ivc to 
such a])plicant the rii»ht to see and have knowledge of the 
claims of other ap])licants who were proper and leiral par¬ 
ties to an intt'rference proceeding. The Ap})ellee has not 
explained, and cannot explain away, this untenable and re- 
inarkahle suggestion which he presents as a reason for sup- 
]>orting his position. 

th Tn our main brief, we show that Bartholomew’s inven¬ 
tion is patentahly dilTerenl from the invention defined in the 
suggested claim. (Appl. Br. 21-24.) The suggested claim 
cannot, therefore, he prior art against Bartholomew’s 
claims. We shall not here reiterate what we said there. The 
.\])}>ell('e cites Jardnx' v. Cooprr. 02 F. (2d) 1074, 20 C. C. 
P. A. SO.'), v. MrCahc, 62 F. {2d) 80, 20 C. 0. P. A. 

T.'IS. and Brrfjsfr'ni < f nl. v. Cor, .30 Fed. Supp. .V22, to sup¬ 
port the jiroposition that, where an applicant has disclaimed 
said subject matter by failing to make a claim thereto which 
was suggested to him for interference, such subject matter 
is ])ro])erly considered as prior art to him. An analysis of 
those cases shows that the suggested claims there involved 
were supported hy the applications of the applicants who 
refused to make them. In other words, they read on the 
ap])licant’s ap])lications or disclosures. Such is 7 jof the case 
here. The .suqqrsfed claim here hi issue did 7Wt rend on 
BarthnIomru'\s application or disclosure and he had no legal 
or moral right to make it. The Appellee cites no authority 
to support the proposition that the failure of an applicant 
to make a suggested claim which does not read on his appV- 
eatioi; or disclosure makes the suggested claim prior art to 
him. The faet is that no such authority exists, and it is not 
the law. 

4. We have likewise discussed the patentability of claims 
1 to 4 inclusive, on pages 17 and 18 of our main brief. 


There is, however, one other point raised by the Appellee 
on page 16 of his brief to which we shall brielly referL He 
there states: 

“Obviously the proportions of ingredients suitable to 
meet the various operating and climatic conditions and 
various engine designs may be determined by routine 
experimentation without invention. As was said by the 
United States Court of Appeals for the District of Co¬ 
lumbia in Dean Murphy et al. v. Coe, 99 F. (2d) 995, 

‘To experiment with reduced quantities of one expen¬ 
sive ingredient may show commendable enterjprise 
without showing the kind of talent connoted by the 
term invention.’ ” 

The solicitor might have continued the quotation from that 
opinion immediately following his quotation which is: 

“In Bechet v. Coe, 69 App. D. C. 53, 98 Fed. (2d) 332, 
combinations of some five metals, in given proportions, 
to form a stain-resisting and deep-drawing alloy, vere 
held patentable notwithstanding the fact that the UKjtals 
and the proportions came within ranges previously dis¬ 
closed by others.” 

The Court also quoted from Kirsch Manufacturing Com¬ 
pany V. Gould Mersereau Company, Inc., 2 Cir. 6 Fed. (2d) 
793, 794: 

“An invention is a new display of ingenuity beyond 
the compass of the routineer.” 

These two latter quotations are most pertinent to the ease 
at hand and properly set forth the applicable law. | 
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CONCLUSION. 

It is submitted that the contentions raised by the Appellee 
are without merit. They all lack support both in tact and 
in law. The record is replete with evidence and testimony 
to support the contentions of the appellant presented in this 
anti its main brief. The record is completely devoid of any 
evidence or testimony whatever to support the surmises and 
presumptions so generously dealt in dehors the record by 
the appellee in his brief. The findings of fact and conclu¬ 
sions of law of the lower Court are likewise erroneous, and 
unsupported by the record. Its judgment should be re¬ 
versed. 

Respectfully submitted, 

H. Frank Wiegand, 

233 Broad wav. New York. 

A. K. SniPE, 

1031 National Press Bldg., 
Washington, D. C. 

Edwin R. Hutcuinson, 

1154 ^[unsoy Building, 
Washington, D. C. 

Attorneys for Appellant. 







